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The view at the left shows | 
tion of Standard Air Heater 
fan which circulates the head 
air through the furnace. The 
gle burner on the air he 


(shown below) supplies sufficien: 


ANNEALING 


IS BEING DONE MORE 


ECONOMICALLY! 


Convection Heating: 


Air, heated in a Standard Surface Com- 
bustion Air Heater (equipped with only 
one burner), is fan circulated through 
this S. C. developed Air Draw Furnace. 
This unique method of heating the 
work to be annealed has been devel- 
oped, tested, and introduced to heat 
treaters by Surface Combustion. Several 
furnaces are already in operation. 

In these furnaces annealing is being 
done more economically and so highly 
satisfactory that this annealing method 
has taken its place alongside numerous 
other important S. C. developments. 


air to heat the work to 700°F. j» 
30 minute cycles. 


OPERATING DATA 


Heats 2000 Ibs.—*;{”" hex. brass rods (1.8 lbs. per ft.) 
to 700° when loaded at 20 Ibs. per sq. ft. Also coils 
16” diameter x 8” high weighing 90 lbs. 

30 minutes required to heat to 700°. 

Heated by convected air from a Standard 5. C. Air 
Heater. 

Heated air is fan circulated through the furnace with 
capacity of 4200 cu. ft. of air per minute. 

Fuel Consumption: 375 cu. ft. per hour, 1000 B. T. U. 
gas. 

Capacity: 500 cu. ft. 

Rockwell Hardness Before Annealing —After Annealing 


End Middle End End Middle End 
70 75 66914 35 39 34! 


You will want to know more about S. C. Convected Air Draw 


Furnaces. Let our Engineers give you details. 


Surface Combustion Corporation 


TOLEDO, OHIO 


Sales and Engineering Service in Principal Citic: 


Al ATMOSPHERE FURNACES...HARDENING, DRAWING, NORMALIZ 
50 O}.. ANNEALING FURNACES...FOR CONTINUOUS OR BATCH OPERA’ 
AUGUST, 1935 
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HE uniform excellence of Timken carbur- 
izing steels is the result of specialized 


metallurgical knowledge plus practical car- 
burizing experience. 


We are fortunate in having the extensive car- 
burizing and heat treating experience of The 
Timken Roller Bearing Company to draw upon, 
and its modern carburizing plant available for 
research and testing. This of course is a tre- 
mendous advantage to us and to users of 
Timken carburizing steels. It has eliminated 
uncertainties and made possible the produc- 
tion of steels that respond to modern pro- 
cesses accurately and uniformly. 


Furthermore, it means that Timken metallur- 
gists are not only in position to recommend 
the right type of carburizing steel for any 
particular job. They can tell the user authori- 
tatively and exactly how it should be treated 
to obtain the best results, thus saving him the 
time and expense of experimentir.g. 


If you use carburizing steel it will pay you to 


THE TIMKEN STEEL & TUBE COMPANY, CANTON, OH!9 


District Offices or Representation in the following cities: Detroit Chicago New York we Angeles Boston Ph 
Houston Buffalo Rochester Syracuse Tulsa Cleveland Er Dallas Ka 
St. Louis Cincinnati Huntington Pittsburgh World's Lesgest Producer of Electric Furn: 


TIMKEN ALLOY 


ELECTRIC FURNACE AND GPEN HEARTH © ALL STANDARD AND SPECIAL ANALYSE 
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Editorial Introduction 


TWENTY PAGES in a single issue devoted to 
the question “What is troostite sor- 
bite?” would be unwarranted were it not that the 
proper use of these terms is influenced by recent 
important discoveries about the transformations 
occurring in steel during quenching. Certainly 
something so fundamental is worth the space. 

lhe Editor is one who was schooled with the 
proposition that austenite decomposes through a 
regular series of unstable structures named mar- 
tensite, troostite, and sorbite to pearlite, and that 
this series of transformations occurs regularly 
even on slow cooling, slow enough to form pearl- 
ite, as well as upon the tempering of quickly 
cooled martensite. This conception is put for- 
ward in the textbooks most widely used and is 
briefly defended by Dr. Honda on page 314.) Un- 
fortunately it does not harmonize very well with 
recent investigations by our leading metallog- 
raphers into the structures called troostite pro- 
duced in the two different ways. Everyone knew 
that the gross structure was different — one was 
nodular and the other acicular— but now it 
seems proven that the fine structure is also dif- 
ferent, the first being very fine pearlite and the 
other having no sign of stratification (on higher 
tempering, the first identifiable particles of ce- 
mentite are globules rather than platelets). 

It seems reasonable to believe that if mar- 
tensite is always the first step in the transforma- 
lion of austenite, next troostite, next sorbite, next 
pearlite, and lastly globular cementite, the result- 
ing structure from its complete decomposition 
should be the same. But a very slowly cooled 
steel is coarsely pearlitic with lamellar cementite, 
whereas a quenched steel after a high draw is 
sorbitic, where the carbides are in little parti- 
cles. Furthermore, the structure resulting from 
slightly-too-slow quenching and the first decom- 
position product of mild tempering should be the 
same. One, however, is certainly nodules of fin- 
est pearlite whereas the other is an acicular struc- 
‘ure irresolvable by an equally good microscope. 

Identical intermediate steps should not pro- 
cuce such different end products. 

lt then remains to be explained how austen- 


“GUST, 1935 


ite can transform in two such different ways 
direct to pearlite at temperatures between the A, 
and 1000° F., and direct to martensite at temper- 
atures below 400° F. One of the Editor's friends 
with a leaning toward mathematical physics as- 
sures him that this does not violate any of the 
laws of thermodynamics, but he has had to take 
that statement on faith. 

A non-mathematical view is presented by 
Dr. Van Horn in the article immediately follow- 
ing, who points out that the transformation of 
austenite involves two separate actions — first is 
the change of gamma iron into alpha iron, which 
involves rather small atomic movements but 
whose tendency to act increases slowly with the 
degree of undercooling; and second is the accu- 
mulation of insoluble carbon atoms to form a par- 
ticle of cementite, which involves rather exten- 
sive atomic movements, and rapidly increases in 
speed with rising temperature. 

According to these conditions, carbide move- 
ment is virtually impossible in cold metal, hence 
at low temperatures, say 300° F., the first action 
occurs more or less completely by “trigger ac- 
tion” but none of the second; hence we have 
martensite. At higher temperatures, say 1000° F., 
the speed at which the second action occurs is 
many hundred times as great as the y — a allo- 
tropic change (undercooled relatively little) and 
a molecule of cementite therefore forms imme- 
diately when an atom of carbon is released from 
solution and attaches itself to the edge of one of 
many crystals growing out radially from favored 
nuclei into the slowly transforming austenite. 
Transformation also appears to occur only at the 
front of these growing nodules, relatively few in 
number. Hence nodular fine pearlite. 

On tempering martensite, cementite crystal- 
lizes from a greatly undercooled and unstable 
solution, and at a multitude of centers, but the 
temperature is so low that the bulky cementite 
molecule cannot travel far from its birthplace, 
and when it does may attach itself to any one of 
many nearby particles. Hence tempering of 
martensite causes growth of cementite globules, 
finally reaching visibility and we have sorbite. 
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Several months ago, intrigued by a lecture by Dr. Desch at Cornell 
University on the theory of hardening, the Editor asked Dr. Van 
Horn to present, as simply as may be, the X-ray evidence about 


the various constituents of steel — and here is the happy result 


The Components of Steel 


Austenite. Martensite. Pearlite. Sorbite 


ALLOYS OF IRON AND CARBON are of great 
& commercial importance and constitute one 
of the most complicated metallographic § series. 
The capacity for enormously increasing in hard- 
ness after quenching from a_ sufliciently high 
temperature is the most outstanding property 
which distinguishes steel from other alloys; it has 
been known for over 3000 years and has been the 
subject of extensive and intensive investigations. 

Hardening of steel is understood and applied 
practically, but a satisfactory explanation sup- 
ported by a logical consideration of substantial 
evidence is yet to be evolved. The result or effect 
of quenching a high carbon-iron alloy in cold 
water from above the “critical range” is accu- 
rately known, but what occurs within the metal 
has not been definitely determined, notwith- 
standing a tremendous quantity of experimental 
labor, and many divergent theories. 

This article describes a few of the recent in- 
vestigations published in scattered sources con- 
cerning the nature of the constituents in hard- 
ened carbon steel, and does not attempt to 
explain the hardening mechanism. It assumes 
that the reader is acquainted with the elements 
of crystallography and X-ray analysis, whereby 
the atomic spacings and locations in solids may 
be determined. 


By Kent R. Van Horn 


Aluminum Co. of America 
Cleveland. Ohio 


Austenite — Unless otherwise stated, “carbon 
steel” for the purpose of the present discussion 
is pure iron alloyed with from zero to 1.7°% car- 
bon. For simplicity the potent modifying effects 
of other alloying elements, non-metallic impuri- 
ties, and insoluble particles of “dirt” are not 
considered. 

At temperatures above A, all such carbon 
steels can form a homogeneous, non-magnetic 
solid solution called austenite which is univer- 
sally regarded to be carbon (or possibly cement- 
ite) dissolved in crystals of gamma iron. Atoms 
of gamma iron form a face-centered cubic spac 
lattice; the unit cube has an edge dimension otf 
3.96 Angstrom units. The doubt may arise as to 
whether the carbon is distributed in gamma iron, 
atom by atom, and if so where, or is in the 
form of molecules of iron carbide Fe,C — that ts, 
a combination of four atoms arranged in re- 
quired spatial relations. 

A. Westgren, and later G. Hagg, determined 
by precision X-ray methods that the carbon 


atoms are dispersed in the spaces between 
the iron atoms, an “interstitial solid solutio: 

thereby effecting a slight enlargement of the unt! 
cell with increasing carbon content. The larges' 
available interstices in the lattice would per 

an atomic radius of 0.52 A, whereas the radius 0! 
the carbon atom in the diamond crystal is 0. 
Certainly an iron carbide molecule consist! 
three atoms of iron (ascribed radius 1.26 A ¢ 
and one carbon atom could not be compress: 
that dimension. Furthermore, complex ceme! 
molecules would not be expected — from 
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of atomic forces —to diffuse in gamma 
iron at as low a temperature as 1300° F, (700° C.), 
thot is. above A,. Carbon appears therefore to be 


na 


the solute in austenite. 


fhe Austenite to Martensite Reaction 


If allowed to cool slowly, the solid solution 
austenite transforms at Ar, — about 1300° F., 
into ferrite and cementite. Ferrite is a magnetic 
form of iron, crystallizing in a body-centered 
cubie space lattice with a parameter of 2.86 A. 
Cementite has about the composition represented 
by the chemical formula of the iron carbide Fe,C, 
and has an exceedingly complicated unit cell; the 
approximate atomic arrangement is illustrated in 
Mera. Progress for July, 1931. 

Rapid cooling of carbon steels retards the 
above normal separation of the phases ferrite 
and cementite. The degree of retardation or 
“undercooling” increases with the speed of cool- 
ing. The transformation can be entirely sup- 
pressed by the addition of alloying elements to 
steel, but not in the plain carbon series even 
drastically quenched in salt water. Carbon steel 
quenched in water or oil to give maximum hard- 
ness consists chiefly of “martensite,” a very fa- 
miliar term glibly used in heat treating practice 
but with timidity by metallurgists. 

Martensite, differing from the face-centered 
austenite, is magnetic, indicating that the iron 
is of the body-centered type of space lattice - 
at least partially. The freshly quenched struc- 
ture etches slowly and is metallographically rec- 
ognized as fine, brilliant, white needles or rods, 
which probably represent cross sections of plates. 
(see Fig. 15, page 31). Martensite is consequently 
formed by the transformation of a solid solution 
of carbon in gamma iron 
lo a supersaturated solid 
solution of carbon in 
body-centered iron. 

The needles shown on 
a microsection tend to 
precipitate as plates par- 
illel to the {111} planes 
ina erystal of the mother 
iustenite. Recent X\-ray 
data have defined that the 
(11) planes of the body- 
entered cubic iron are 

igned parallel to the 
austenite planes. 
ie sketch shows that the 
mic arrangement and 
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interatomic distances on these planes are similar, 
and the transformation can occur with but minor 
movements of the atoms in space. 

It is agreed that the grain size of austenite 
in a carbon steel at, say, 1500° F. is fairly large. 
The standardized grain size charts and numbers 
from 1 to 8 refer to the dimension of the austen- 
itic grains at the temperature in question. The 
grain size of martensite, a decomposition prod- 
uct, is debatable-—the X-ray and microscope 
may be unreliable for the determination for the 
following reasons: The directional crystallo- 
graphic precipitation may generate a myriad of 
submicroscopic grains oriented approximately 
parallel within certain regions, and these would 
cooperate to render similar etching and X-ray 
effects. Furthermore, the {111} planes of re- 
tained austenite and the {O11} planes of the 
transformed iron would produce the same \-ray 
reflection images, and metallographically the 
aligned fragments would etch similarly, appear- 
ing as a well-defined “needle.” 

Martensite, aged for an extended period at 
room temperature or tempered at slightly above 
room temperature, etches more rapidly than 
freshly quenched martensite to an acicular de- 
velopment with occasional unresolvable dark- 
ened or mottled areas (Fig. 16, page 31). The 
components of this structure are considered to be 
body-centered iron needles or platelets (contain- 
ing some carbon in solid solution) and minute 
cementite particles. The grinding and polishing 
incident to metallographic examination, or etch- 
ing in hot picric acid to procure photographic 
contrast, often induces tempering effects and re- 
sults in carbide precipitation. Consequently ex- 
treme caution should be exercised in interpreting 


photomicrographs. 


Location and Spacing of Iron Atoms on the (111) Plane of Face-Centered Austen- 
ite (at Left) and on the (011) Plane of Body-Centered Cubic Ferrite (at Right 
Indicating That the Transformation Occurs With a Minimum of Atomic Movement 
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The difference in structural appearance of 


martensite when freshly quenched and after 


aging or tempering is unfortunately the source of 
numerous and frequently confusing terms. Black 
martensite, white martensite, freshly quenched 
martensite, and aged martensite, a and §, 6 and 
martensites, and even two 
stoichiometric combinations or 
compounds of iron and carbon 
are some of the galaxy of pro- oF 
posed “types.” Many of these 


“types” or martensitic twins 


have originated from the im- 
proper application or falacious 
interpretation of data. Never- 
theless, there are some impor- 
tant variations in quenched 
steel depending on the thermal 
history which need a_ logical 
explanation. 

W. P. Sykes and Zay Jeff- 
ries have clarified the changes 


in properties of quenched steel] 


Martensite 


carbon steel by quenching in a molten tal 
medium at 320° F., then polishing and e| ing 
in a holder heated at 212° F. Needles of revyjay 
or completed dimensions appear sudden|y jy 
relicf on a_ polished surface on lowering {he 
temperature of this specimen below 212° fF 
attributable, of course, to the 
volume change. As the tem- 
perature decreases, new 
°C. dles are generated in the same 

manner but there is no growth 

of the acicular areas that orig- 

inated at higher temperatures, 


Ferrite 
instantaneous 


end Carbide The 
4 500 of the needles resembles the 


formation 
production of mechanical] 
twins in zine, tin, and iron 
(Neumann bands). 

E. C. Bain and E. S. Daven- 
4 port have also studied the time 
element in the austenite to 
pearlite conversion, and con- 
firmed that the time-consuming 


— 


at or below room temperature. ‘sec. 30 tmin 
Careful 
ments showed that the trans- 


hardness measure- 


formation from austenite to 


martensite below tem- 
perature (in liquid oxygen) is 
relatively independent of the 
time and dependent only on 
The increase in 
hardness associated with this 


room 


temperature. 


allotropic change is accompanied by an increase 
in volume, as required by the transition from the 
close-packed face-centered to the body-centered 
cubic lattice. 

On the other hand, there are certain hard- 
ening effects derived from tempering quenched 
specimens at low temperatures that are related 
to both time and temperature. Thus Sykes and 
Jeffries found that 2300 hr. are required to attain 
maximum hardness (C-70.0) when aging at room 
temperature, whereas only 150 hr. are necessary 
when tempering at 120° F., 30 hr. at 165° F., and 5 
hr. at 212° F. 
a decrease in volume and respond to the laws of 
aging. The duration of time at or above room 
temperature is important, which implies that 


Such changes are accompanied by 


there is a carbide precipitation and coalescence 
with increasing temperature. 

H. Hanemann and H. J. Wiester have visibly 
demonstrated the dependence of the allotropic 
transformation on temperature. They obtained 
martensitic needles from austenite in a_ plain 
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30 thr 12 124 weeks 


Relative Time for Austenite to Become 
Unstable (Black Area) and to Trans- 
form (Horizontal Lines). Note logarith- 
mic scale. End product is ferrite plus 
carbide, or martensite, depending on 
temperature of reaction (After Bain) 


part of the transition is the 
carbon migration and carbide 
agglomeration, and that the 
iron transformation from face- 
centered to body-centered, in- 
volving only a_ slight atomic 
rearrangement, instantane- 
ous. The schematic represen- 
tation reproduced on this page 
from the 1932 Campbell Memo- 
rial Lecture by E. C. Bain illustrates the time in- 
terval and importance of temperature to marten- 
site formation. For instance, the diagram shows 
that at about 300° F. austenite is converted to fer- 
rite and cementite very slowly, requiring weeks to 
consummate the reaction. At 200° F. the trans- 
formation is directly to martensite and is com- 
pleted in about 10 sec., and at zero even faster. 


Constitution of Martensite 


It is evident that the decomposition of austen- 
ite involves two distinct actions, (@) the allo- 
tropic transformation of the iron and (b) the re- 
jection of carbon. Separation of these processes 
has simplified the conception of the nature ©! 
martensite. 

Valuable information on the constitutio! 
martensite has been recently contributed by 
application of the X-ray. The most signifi 
result has been the discovery of a new iron ph 
body-centered tetragonal, in rapidly quence! 
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This phase always is associated with alpha 
iro. in low carbon steels and with austenite in 
hic) carbon steels. The relative quantity of this 
‘ituent depends on the carbon content and 
ching velocity. Tetragonal iron can dissolve 
appreciable carbon as evidenced by the axial 
ratio, ce + a, of 1.03 for an 0.80% carbon steel and 
1.07 for a 1.60% carbon steel. The body-centered 
cubic iron lattice (ferrite) may be expanded 
from zero to about 7% along the tetragonal or 
vertical axis, and contracted from zero to 0.35% 
in the cubic directions. 


st 


Location of Carbon Atoms 


Important features which have been inten- 
sively studied concern the location of the car- 
bon atoms in this tetragonal lattice. Are the 
solute atoms still in open spaces within the lat- 
tice, as the carbon is in austenite, forming an 
interstitial or “additive” solid solution, or have 
one or more carbon atoms displaced an iron atom 
at certain of their normal positions in the lattice, 
thus forming a “substitutional” solid solution? 

The simple substitutional possibility, where 
a small carbon atom may be substituted for a 
large iron atom, is excluded because the quantity 
of tetragonal deformation increases with the ad- 
dition of carbon. E. Ghman assumed a complex 
substitution of two carbon atoms for one iron 
atom. Later K. Honda and recently G. Hagg 
satisfactorily established that the carbon atoms 
are dispersed in the largest spaces between the 
body-centered tetragonal iron positions, that is, 
introduced in the tetragonal lattice in addition to 
the iron atoms, thus an interstitial solid solution 
similar to austenite. However, Honda compli- 
cated the structure by proposing, in addition, a 
body-centered cubic solution or “beta marten- 
site” in tempered steels. Hagg, by precision 
parameter measurements, has disproved this as- 
sumption by determining that the carbon content 
of the tetragonal phase diminishes on tempering, 
thus causing a decrease in the degree of tetrag- 
onal deformation. Carbon is rejected after a 
long period at room temperature, an action in- 
creasing in velocity at higher temperatures. 

When the tetragonal solution contains less 
than 0.60° carbon, the characteristic crystallo- 
graphic symmetry is not detectable. There is thus 
| region in quenched lower carbon steels, or 
sightly tempered high carbon steels where it is 
to distinguish between body-centered 
cubic iron and slightly body-centered tetragonal 

. Zay Jeffries has suggested the term “body- 
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centered iron” for this range which would in- 
clude both types, yet differentiate the atomic ar- 
rangement from that of face-centered cubic 
gamma iron. The X-ray reveals that the tet- 
ragonal phase transforms to a mixture of alpha 
iron and cementite by tempering at 300° F. 

Martensite may therefore be regarded as a 
supersaturated solid solution of carbon in tet- 
ragonal and body-centered iron. Microscopically, 
the term martensite is proposed for the freshly 
quenched, white, acicular structure containing no 
carbon precipitation. Carbon is atomically dis- 
solved in the iron of martensite and detectable 
with the X-ray by the degree of lattice enlarge- 
ment, producing a tetragonal “deformation.” 
Carbide separation on tempering is revealed first 
by the discontinuous decrease of the body-cen- 
tered tetragonal lattice to a cubic cell, later by 
cementite reflections on an X-ray pattern, and 
microscopically by dark, mottled, unresolvable 
regions after etching. When freshly quenched 
martensite is tempered or subjected unintention- 
ally to tempering effects, the tetragonal and 
body-centered solution is converted to body-cen- 
tered cubic iron (ferrite) and iron carbide (ce- 
mentite) of various particle dimensions depend- 
ing on the temperature. Of course, a sizable 
section of hardened steel cannot consist entirely 
of martensite and may also contain some re- 
tained austenite or alpha iron and cementite in 
some form of aggregation. 


Nature of End Product 


A view widely maintained and minutely de- 
scribed in many textbooks is that the changes in 
a steel cooled from above the critical follow in a 
regular order through the structures named 
austenite, martensite, troostite, sorbite, pearlite, 
and spheroidized cementite, and that the final 
product depends on the speed of cooling. Fur- 
ther, that the same succession of structures 
appears when freshly quenched martensite ts 
tempered or reheated to higher and higher tem- 
peratures for longer and longer times. This con- 
cept of the transitions in steel is certainly in- 
correct, as demonstrated in the original treatise 
of E, C. Bain and E. 8S. Davenport and the recent 
Campbell and Howe Memorial Lectures of Bain. 
It may be advisable to show how this austenite 
to pearlite transformation may occur directly 
without passing through the martensite stage, as 
defined above—in other words, show that 
austenite can decompose in at least two entirely 
different ways. 
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The postulated definitions of austenite and martensite agree 
with the fundamental discoveries of Bain and his associates. The 
structures resulting from the transformation of steels at any tem- 
perature in the range between 750 and 1100° F. (400 and 600° C.) 
definitely indicate that carbon precipitation immediately follows 
the allotropic change. At high temperatures (about 1300° F.) the 
austenite is converted to coarse lamellar pearlite (ferrite and ce- 
mentite). At progressively lower temperatures the opportunity for 
the simultaneous consummation of the atomic readjustment of 
iron, from face-centered to body-centered cubic, and the carbide 
separation diminshes until the allotropic change definitely precedes 
the other, transforming an entire grain before carbon is rejected. 


PoE ae The divergence between the two phenomena becomes more pro- 

Re nounced at lower temperatures where carbon diffusion is retarded, 
3 until finally at about 200° F. or lower martensite is formed with no 
+: ae carbon precipitation. Bain has incorporated the time-temperature 
12D ow relations of the transitions and resulting structures in the ac- 
companying diagram. 


Not Reheated 
If the allotropic rearrangement occurs slightly in advance of 

the iron carbide separation, the result is a fine lamellar pearlite, 

at the “radial” or “nodular” type in which F. F. Lucas and E. C. Bain 


have succeeded 


in delineating 
or very minute lamellae. Another entirely different 
oe. structure, termed “martensite-troostite” by som 
600 + + + + ad 
Siow lool metallographers, is produced when the allotropic 
change is suppressed to a low temperature and 
: 700 + forms martensite which is subsequently tempered 
SS and precipitates carbon. This agglomerated cement- 
f ite of tempered martensite has a different structura! 
On ry appearance from the type obtained directly from 
> 3 austenite at higher temperatures. The carbide r 
3 jected at low tempering temperatures is very fin 
Re [ and unresolvable with the best microscopes; it coa 
4 300 lesces to granular or globular particles, called sor- 
t —— bite, at higher tempering temperatures. Thy 
softening ‘nched steels i: ‘refore a process 
= & Occur at These lemperatures se fte ning of quenched steels is the refor proce 
Coolant 1s below 190°C 600 involving the coalescence of carbide particles. 
2 
~ |S 
* ~ . . 
Directional Influences 
200 -% AS } + 400 
Possibly this agglomeration movement ts hol 
4 F entirely haphazard. C. H. Desch has advanced tli 
100 4 200 view that molecules of cementite are deposited as 
| Martensite forms Here | 
submicroscopic sheets in tempered martensite pa! 
4 = | allel to the {011} planes of the body-centered cubi 
jis 1.0 10 100 1,000 10,000 iron. The existence of oriented carbide platelets 
a Time in Seconds (logarithmic Scola) might explain the dark, mottled etching effects o! 
= Approximate Relationship Between Cooling Rate some martensites and the mid-rib observed in (ly 
if and the Temperature at Which Austenite Begins to needles of martensite in high carbon steel. At lov 


Transform. If the quenching curve of the slowest 
cooling particle in the steel mass passes to the left 


tempering temperatures the atomic planes 


‘ powerful directing forces for platelet produ 
or is faster than the critical quenching rate, then the 

while at higher temperatures, where surface t 

structure is hardened throughout and consists (until 

ral it is tempered) of martensite and retained austenite forces are dominating, either additional | 
tion or the coalescence of the low tempe! 
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cated Times at 975° F. 


2? Min. 


» of Carbon Steel, Quenched and Immersed in Liquid Air and Then Tempered 
Martensite needles precipitate carbides very rapidly. 
»d austenite transforms to fine pearlite very slowly. (Courtesy of E. C. Bain) 


sheets or particles results in the familiar granular 


cementite. 

Bain’s experiments immediately suggest that 
the classical concept that austenite  disinte- 
grates into a succession of the so-called transition 
troostite, sorbite, and 


products — martensite, 


pearlite is no longer tenable. It would seem 
that at elevated temperatures austenite is con- 
verted directly to coarse lamellar pearlite, and in 
a slightly lower range to nodules of very fine 
pearlite lamellae, and that martensite is not the 
universal first product. An investigation of ar- 
rested transformations indicated that martensite 
is formed only at a low temperature (below 
about 300° F.). 

Why austenite can transform in two very 
different ways is clearly evident if it is recalled 
that two reactions are involved, one is the allo- 
tropic change in iron and the other is precipita- 
lion of carbon, or, in other words, (a) marten- 


If the 


latter occurs at a considerably higher rate than 


sitization and (b) martensite destruction. 


the former, then conversion into pearlite with- 
out even the transient production of martensite 
is possible. A study of these rates at 975° F. is 
contained in the four photomicrographs from 
C. Bain’s Howe Memorial Lecture 
lron and Steel Division, 1932), wherein austenite 
ind martensite of the same composition were 
stained side by side in a single specimen and 
yserved to react at the same temperature to 
rm ferrite and cementite. 


AUGUST, 1935 


60 Min. 


The sample was first quenched to retain 
austenite, then immersed in liquid air to convert 
susceptible areas to freshly quenched martensite, 
and finally reheated to 975° F. (525° C.) for 
various periods. Martensite and austenite before 
reheating are represented in the first view. After 
only two minutes at 975° F. (second photo) the 
martensite had precipitated carbides of such di- 
mensions that long additional time resulted in 
little coalescence. After one hour at 975) F., a 
portion of austenite had commenced to change; 
after 24 hr. the major part had transformed to 
In both freshly 


quenched and aged martensite, the rate of mar 


fine, nodular, lamellar pearlite. 


tensitic destruction was determined to be many 
thousand times more rapid than the velocity of 
austenite decomposition. This proves that by no 
mechanism could martensite occur as an inter- 
mediate stage, and that pearlite is the direct 
product of austenite at that temperature. 


Arrests During Quenching 


These conclusions have recently been con- 
firmed by an ingenious application of thermal 
methods by H. Esser and W. Ejilender in Ger 
many. Previously many incorrect deductions 
have been made from thermal data because of 
the experimental difficulties encountered in the 
unusually rapid cooling rates. Esser and Eilender 
measured cooling rates of several thousand de- 
grees per second by (Continued on page 68) 
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An extended abstract of a paper for the Chicago Convention wherein 
the authors point out inconsistencies in present use of the term troost- 
ite. They recommend calling tempered martensite “sorbite.” An un- 
named acicular constituent in quenched carbon steel is also described 


On Naming The 


Aggregate Constituents In Steel 


Srupy of the heat treatment of steel has 
7 been facilitated by coining a number of 
words to designate single constituents and con- 
glomerates. It would be equivalent to holding ¢ 
low opinion, indeed, of the advance in science to 
expect that the names assigned are now as aptly 
applied as they were at the close of the nine- 
teenth century. Indeed, it is rather to be ex- 
pected that the application of improved research 
tools in a comparatively new field might result 
in the revision of a large number of word defi- 
nitions. 

Of the many names for the structural states 
in steel, cementite, austenite, ferrite, martensite, 
ledeburite, and osmondite are now unquestion- 
ably so defined as to be acceptable to nearly all 
metallurgists. There remain three terms which 
are in daily use but upon which there seems to 
be no close agreement as to precise meaning: 
Sorbite, troostite, and pearlite. At present the 
chief shortcomings in definition have to do with 
(a) overlapping domains of words; (b) inher- 
ently different structures covered by one word, 
which incorrectly implies a close similarity; and 
(c) certain implications which are not in accord 
with observation. 


By JOR. Vilella. 

Ci. E. Cjuellich 

and E. C. Bain 
United States Steel Corps yration 


Pearlite 


When Sorby’s polishing and simultaneous 
etching of a specimen had served to reveal to his 
microscope the alternate layers of ferrite and 
carbide, the reason for the pearly iridescent ap- 
pearance of the annealed steel surface was at 
once explained. Howe gave to “Sorby’s pearly 
constituent” the new name pearlite — originally 
“pearlyte.”. The name would not have been ap- 
plied to any but a lamellar structure for only by 
these layers in relief acting as a grating in decom- 
posing light was the pearly appearance produced. 
This circumstance would appear to be ample 
reason for excluding any but the lamellar struc- 
tures from the category of pearlite. 

If, now, these lamellae of pearlite were al- 
ways clearly observed by any metallographer 
with any microscope and with any polishing and 
etching technique, no ambiguity could have 
arisen, but unfortunately this is not true. thie 
lamellae are not always equally spaced; on the 
contrary, in any certain steel the mean spacing 
of the carbide plates is a function of the prects 
temperature at which the austenite transformed 
to pearlite. The more rapidly the austentte ts 
cooled, the greater will be the undercooling prior 
to transformation and, in turn, the thinner, and 
more numerous, the pearlitic (ferrite and 
bide) lamellae. This is illustrated in the 
series of photomicrographs, Fig. 2 to 6. In 
finer pearlites the separate lamellae are wel! 


solved only where they make an acute angle 
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(). polished surface, and then are seen only in 
.od modern microscope. Consistency, how- 
-. would indicate that pearlite should include 
not only the coarse but the finer lamellar struc- 
tores. unresolvable to the early observers because 
»! their inferior equipment and technique. 

The editor here interposes a remark that 
‘he structures illustrated in this paper are best 
produced by quenching a small rod of carbon 
stcel in a molten bath at the desired temperature 
and holding it there a measured time before its 
removal for quick cooling to room temperature. 
In this way there is a very small difference in 
temperature at edge and center of the specimen 
at any instant, and the rate and nature of the 
ensuing reaction can be determined with pre- 
cision. The mechanism of the transformation of 
austenite to pearlite at temperatures somewhat 
below the critical (in this case 1300° F.) is shown 
in the second series of micros on page 30, Fig. 8 
to 12. We now resume with the authors’ words. 

A grain of austenite may transform by going 
over to lamellar ferrite and carbide upon a dozen 
different fronts. 
formed, its lamellae remain quite definitely un- 
changed for hours, or days, even when the tem- 
perature of the transformation is maintained; the 
coarseness of the lamellae is established, once 
and for all, by the temperature of the transform- 
ing austenite for any particular composition and 
grain size. Coarse lamellar pearlite never forms 
from nodules of fine lamellae. 


As soon as the pearlite is 
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2 to 6 — Pearlite in 0.78% Carbon Steel, All at 3000 Magnifications. Lamellar spacing and hard- 
ness depend upon temperature at which austenite transformed to pearlite, as noted above each micro 


The Nodular Constituent 


But how about the lower limit of fineness? 
The usual means of depressing the temperature 
of actual transformation and hence of reducing 
the spacing of the pearlite lamellae is that of 
cooling a steel more and more rapidly. Finally, 
when the so-called critical cooling rate is just 
reached (provided the coolant is below about 
200° F.) the austenite transforms, at least in part, 
to characteristic martensite. At these rates of 
cooling near the critical the martensite will be 
mixed with a quick etching product which trans- 
formed at 950 to 1000° F. The last mentioned 
material certainly represents the normal limit of 
fineness of carbide lamellae. 


It is frequently 
called “nodular troostite,” but the microscope 
shows that there are lamellae present in it and 
it therefore fulfills the requirements for pearlite. 
(See Lucas’ excellent micrographs in February 
Merat ProGress.) In the authors’ laboratory and 
in the publications therefrom the words “fine 
pearlite” have been used exclusively to designate 
this material. 

In the strictest sense, pearlite is always nodu- 
lar, in that it forms by the gradual encroachment 
upon the remaining austenite grain of several 
nodules spreading from a number of nuclei 
located usually in the grain boundary. If the 
temperature of actual transformation is lower, 
the nodular aspect is more pronounced, merely 
because the single “colonies” are more rosette- 


F.; C-28 1100° F.; C-3: 


: | 

1250° F.; C22 100° Fy; 
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5 min, 19 min. 


We 


24 min. 67 min. 


kig. 8 to 12— Mechanism of Pearlite Reaction, and Decreasing Amount of Austenite After 
Increasing Time at 1300° F. Note that lamellar spacing does not change with time. 600X 


like in contour, and usually grow out rather uni- 
formly from the austenitic grain boundary in all 
directions into both grains. The platelets or 
lamellae grow by edge extension. | 

If it can be prevented, the definition of pearl- 
ite should not depend upon the progress of optics 
or the skill of the observer. Since it is apparent 
that the constituent heretofore designated as 
nodular troostite is fine pearlite which trans- 
forms directly from austenite at or near the mini- 
mum temperature at which such direct transfor- 
mation is possible (namely 950° F. or slightly 
higher) the following is suggested as a definition: 

“Pearlite is the lamellar aggregate of ferrite 
and carbide resulting from the direct transfor- 
mation of austenite at temperatures (usually 
above about 950° F. for carbon steels) at which 
the diffusivity of carbon is sufficient to permit 
the simultaneous formation of ferrite and carbide 
rather than an acicular structure, however tran- 
sient, of ferrite supersaturated with respect to 
carbon.” 


Spheroidization 


In heterogeneous systems the reduction of in- 
terface area results in a slight but definite evolu- 
tion of heat and represents a trend toward a state 
of lower energy and greater stability. This neces- 
sitates a mild driving force toward particle 
growth, which reduces surface area.  Conse- 
quently, at temperatures near A’, the carbide in 
carbon steels forms rough spheroids which may 
be resolved by a microscope at as low a magni- 
fication as 100. A coarse lamellar structure will 
show no tendency to spheroidize at a temperature 
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which, when employed for tempering martensite, 
produces only a fine spheroidal structure, for 
such a spheroidization would imply an increase 
in interface area. Indeed, very coarse lamellar 
pearlite coalesces to spheroids very slowly at any 
temperature. 

This matter is introduced here as a_ back- 
ground for a consideration of the naming of the 
coarser spheroidized structure produced com- 
mercially from fine pearlite in the interest of 
maximum softness. 


Fig. 14 — Simultaneous Formation of Lamellar and 
Acicular Products of Austenite Transformation. 
1000X. Specimen was quenched in hot bath at 1000° F. 
and later removed to cold brine. White areas represent 
austenite (now untempered martensite). Black splotches 
are quick etching nodules of fine pearlite. Unnamed 


acicular constituent forms the striated gray areas. 
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he sound logic involved in the application 
word pearlite to pearly (that is, lamellar) 


of 

stl res at once urges the exclusion of any 
spheroidized structure from this category. Such 
spheroidized structures might well have been 
named “spheroidite,” but one hesitates to think 


of adding vet another name to a list already too 
Perhaps “spheroidized cementite” will 


suflice for the present. 
The Acicular Constituents 


lt appears from various recently published 
studies that there are two, and only two, easily 
distinguishable mechanisms for the transforma- 
tion of austenite, and that they relate, for any 


Fig. 15 — Martensite Fig. 16 —2 hr. at 445° F. 


martensite to a very few millionths of a second. 

In carbon steels the decomposition of the 
austenite proceeds according to the pearlite reac- 
tion at temperatures down to about 950 or L000 
Fr. and at all temperatures below this point ac- 
cording to the acicular reaction. Indeed, there 
is a narrow range of temperature at which both 
reactions proceed at so nearly the same statistical 
rate that both products may be seen in the same 
specimen, as in Fig. 14. 

When, by virtue of rapid quenching and the 
resultant extreme undercooling, the acicular re- 
action occurs below some 300° F., the product, if 
immediately further cooled, is generally the hard, 
highly supersaturated, strained ferrite (that is, 
martensite) in which, probably, the carbide par- 


Fig. 18 —2 hr. at 840 


Fig. 15 to 18— Typical Martensite in Eutectoid Carbon Steel and Its Appearance After Tempering. Al! 2000X 


particular steel, to the actual temperature of the 
particular portion of austenite undergoing trans- 
formation: 

1. The Pearlite Reaction. This has been 
sulliciently described above. 

2. The Acicular Reaction. 
cessive, abrupt formation of flat plates of super- 


This is the suc- 


saturated ferrite along certain crystallographic 
planes of the austenite grains. This supersatu- 
d ferrite begins at once to reject carbide par- 
s (not lamellae) at a rate depending upon 
perature. In effect, this is the acicular mode 
ransformation, even though the temperature 
such as to limit the actual life of the quasi- 
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ticle precipitation has not occurred to any con- 
siderable extent. This material does not darken 
rapidly during ordinary etching for microscopic 


A re- 


heating brings about a shower of carbide parti- 


examination, and is illustrated in Fig. 15. 


cles and the products are now known as troostite 
or sorbite depending upon the degree of coales- 
cence. The structures resulting from such re- 
heating are illustrated in Fig. 16, 18, and 17, All 
attempts to produce a lamellar distribution of 
ferrite and carbide by tempering martensite have 
so far failed. 

The microscopic appearance of the softer 
acicular products formed directly from austenite 
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Fig. 17 5S min.at 1200°F. (Sorbite) 


= 


at temperatures between 900 and 300° F. resem- 
bles tempered martensite, although experienced 
metallographists are generally able to distinguish 
between the two acicular forms with but little 
difficulty. 

The characteristic difference in the structure 
is illustrated in Fig. 21 and 22 and the accom- 
panying sketches just below. At the higher 
temperature the formation of nuclei is slow and 
restricted and growth is rapid in a favored direc- 
tion from such nuclei. The result is transformed 
material in fairly large masses. At the lower 
temperature range, nucleation is profuse but 
transformation is slow and occurs along several 
geometric directions; the result is a residue of 
austenite shot through with spines of transformed 
material. 

The particular acicular structure formed at 
still lower temperatures (in the vicinity of 300 
F. or lower), in which any carbide precipitation 
is in so fine a colloidal state as to be largely 
speculative, has been named martensite and no 
reasonable ground exists for criticism. The softer 
acicular structures are formed in one of two ways 

(a) by tempering martensite, and (b) by direct 
austenitic transformation at temperatures usually 
between about 900 and 300° F. (The latter is as 
yet only rarely carried out commercially and the 
product may at some later time require a name.) 
At the moment the tempered martensites are 
spoken of as either troostite or sorbite, the less 
markedly softened structures being called troost- 
ite and the more thoroughly softened martensite 
being termed sorbite. 


Troostite 


The 1912 Congress evolved a consistent defi- 
nition for an aggregate of this name, troostite: 

“In the transformation of austenite, the stage 
following martensite and preceding sorbite (and 
osmondite if this stage is recognized).” This is 
a definition which, if the term persists, may well 
be preserved, but unfortunately for the present 
student, equipped with a good modern micro- 
scope, the Congress too generously provided two 
methods of developing the structure, one of 
which is incompatible with the definition. To 
quote the 1912 document: 

“It (troostite) arises either on reheating 
hardened (i.e., martensite) steel to slightly below 
400° C., or on cooling through the transformation 
range at an intermediate rate, e.g., in small pieces 
. or in the middle 
of larger pieces quenched in water from above 


of steel quenched in oil, . 
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Fig. 21 and 22 — Micros and Sket 
Showing Fundamental Differeno 
tween Products of Acicular Reo 


the transformation range.” It is further stated 
that it is habitually associated with martensile 
which identifies the product of the second method 
of formation with the dark-etching nodules 
which we now know to be fine pearlite. 
Considering now the first method prescribed 
for the formation of troostite, one finds that the 
structure is very different as illustrated in Fig. 
18, which reveals a particle precipitation struc- 
ture with sufficient right-line markings to prove 
its acicular origin. It would appear necessary l0 


exclude the lamellar structure of nodular orig!® 
which formed by the direct pearlite reaction 4 
A’ from the category of troostite and to consider 


only its application to tempered martensi! 
which case, one may employ the 1912 de! 
except perhaps for the first five words 
might be replaced with a new clause and 

“Troostite — In the gradual tempering 
freshly hardened steel, the stage followin 
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One is the more massive transform 
of a crystal of austenit 
unnamed  constituer 

1000° F.. near 


if 

in 
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ipper temperature limit for this mode of reaction. The other is 
wicular structure formed by incompleted reaction in eutectoid 
arbon steel at 550° F., characteristic of transformation near the 
wmperature range where austenite transforms into martensite 


Sform 


slenite 
Slituer 


near 


iensite and preceding sorbite.” It arises on re- 


lieating martensite in carbon steel up to 750° F. 
\t or about a 750° F. temper, the structure has 
maximum solubility in dilute H.SO,, and has 
been called “osmondite.” 

In this connection, it appears that Arnold, 
one of the participants of the 1912 Congress, 
realized the lamellar nature of all the direct 
iigher temperature transformation products of 
‘ustenite (that is, the products of the A’ trans- 
ormation) for he counselled the use of “troostitic 
irlite” for the finest and hardest direct prod- 
s and “sorbitic pearlite” for the coarser and 


newhat softer structures. Curiously enough, 

‘ proposals were rejected because “this is con- 
'y to general usage, which restricts pearlite to 
roscopically resoluble masses.” But the very 
‘ctures under discussion are today resoluble, 
resolvable, and by the same good reasoning 
ild be called pearlite! 
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Sorbite 


The 1912 definition of sorbite reads: that 
structure “in the transformation following troost- 
ite, and osmondite if the stage is recognized, and 
preceding pearlite.” 

This definition is thoroughly consistent in 
itself if one write “spheroidized pearlite” or per- 
haps better “spheroidized cementite” in place of 
pearlite. This might well have been done in the 
1912 definition because pearlite was recognized 
as lamellar even then, and simple experiment 
shows that no reheating of troostite or sorbite can 
ever develop coarser lamellar structures, but in- 
stead merely causes spheroidization. 

These observations persuade the writers that 
neither of the words troostite or sorbite need in- 
clude the lamellar structures formed by the 
pearlite reaction. It is even questionable whether 
two names are needed for the tempered marten- 
sites. This series, from the slightly reheated ag- 
gregates to the softer products of high reheating 
temperature, is completely continuous and the 
application of different words tends to obscure 
this continuity, which is perhaps the most impor. 
tant feature of precipitation phenomena in 
metals. Whether or not different stages of coal- 
escence are better distinguished by different 
names is largely a matter of individual taste. 
Those who incline to such names may point to 
such a series as dust, sand, gravel, stones, boul- 
ders, and there is no fitting rejoinder. For our 
part, we feel that the dropping of the word troost- 
ite would clearly cause no great hardship and at 
the same time its use permits the possibility of 
ambiguity unless it be definitely assigned to some 
arbitrarily limited range of a continuous series. 

In conclusion, the authors suggest that (1) 
pearlite apply to all lamellar structures in steel 
formed by direct nodular transformation and 
(2) sorbite apply only to tempered martensite. 

This leaves as an unnamed constituent the 
product of direct transformation of austenite be 
tween 1000° F., the low limit for fine pearlite, 
and 300° F., the high limit for martensite. It is 
a dark etching, acicular aggregate considerably 
more uniformly stratified and in larger masses 
than tempered martensite. Its hardness and 
coalescence are dependent upon the transforma- 
tion temperature. Its mechanical properties 
toughness — are quite superior to those of mar- 
tensite tempered to equivalent hardness. It is 
seldom seen in commercial steel, being the prod- 
uct of a heat treatment analogous to patenting of 


small wire. 
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Dr. Honda, honorary member of American Society for Metals, sup- 
ports the classical view that martensite forms momentarily during the 
transformation of austenite to pearlite, and therefore sees no reason 
for distinguishing between nodular troostite and martensite-troostite 


Austenite > Martensite > Pearlite 


The Classical View 


Progress, last March, contained an 
ae important letter from V. Koselev and F. 
Poboril of the Skoda Works, Pilzen, Czechoslo- 
vakia, commenting on the nomenclature of the 
various structures in heat treated, hypo-eutectoid 
steels. They proposed that the observed micro- 
structures could be adequately explained on the 
assumption that the gamma phase (austenite) 
changes directly into “(a) normal or coarse 
pearlite at Ar,, (b) medium pearlite at the Ar, 
or the Ar’ transformation, (c) fine pearlite or 
troostite at the Ar’ transformation, and (d) mar- 
tensite at the Ar” transformation.” They also 
assert that the structures developing from mar- 
tensite when it is tempered differ one from an- 
other only in the fineness of cementite dispersion 
and “suggest, therefore, that tempered martensite 
should be called fine sorbite or coarse sorbite, 
according to its nature. Only coarsely coagu- 
lated sorbite should be termed ‘spheroidized.’ ” 

These assertions arise from the implied as- 
sumption that there are two kinds of troostite, 
different in nature: (a) The quickly etching con- 
stituent appearing after mildly tempering a 
quenched and fully hardened steel, and (b) the 
dark etching, nodular constituent appearing with 
martensite in an incompletely quenched steel 
before it is tempered. 


By Kotaro Honda 


President 
Tohoku Imperial University 


Sendai, Japan 
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According to the view of the present writer, 
these two structures do not differ essentially from 
each other and consequently there is no need to 
distinguish them. 

According to my theory accounting for the 
transformations in carbon steel (as developed in 
various contributions to the Science Reports of 
Tohoku Imperial University, especially 1919, p. 
181; 1922, p. 487; 1925, p. 165; and 1929, p. 503, 
and summarized in Transactions, A.S.S.T., July, 
1929), the A, transformation consists, in its mech- 
anism, of two changes going on one after another 
in an immediate succession. That is to say, the 
A, transformation is identically equal to two 
stepped changes: Gamma iron with carbon in 
solution changes to alpha iron with carbon in 
solution and the latter then changes into an ag- 
gregate of alpha iron and cementite. Or, ex- 
pressed in terms of microstructures 

austenite — martensite — pearlite 

Here it might be pointed out by the editor 
that Dr. Honda uses'the word “pearlite” in the 
above equation in its generic sense meaning “4 
mechanical mixture of iron and cementite,” i 
respective of the state of aggregation of these two 
constituents, whether colloidal, fine or coarse 
globular, or lamellar. In other writings h« 
uses the word in the specific sense of a fine !am- 
ellar structure with pearly sheen. 

In case the steel specimen is cooled s! 
the above two changes or steps take plac: 
after another immediately, so that the res 


A. transformation — austenite — pearli! 
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the case of rapid cooling, the first step 
a nite ~ martensite) is greatly retarded and 
bye s to take place at 200 to 300° C. (400 to 575 
F By the time this first change is completed 
the specimen is at room temperature, and hence 
the second change or step (martensite — pear!- 
ite) is arrested because this change involves the 
diffusion of carbon atoms through iron, and this 
is resisted by the great viscosity of the specimen 
at the low temperature. We therefore obtain 
martensite at room temperature, 

If the rate of cooling is a little less than the 
above case, Which gives a perfect hardening to 
full martensitic structure, the first step or change 
begins at a higher temperature (about 550° C. or 
1025° F.) and when this change is completed, the 
specimen is still at some higher temperature than 
room temperature; hence a portion of the speci- 
men, Which underwent the change to martensite 
at the high temperature, makes the second step 
of the change and forms nodular troostite. This 
structure indicates that the breaking up of mar- 
tensite begins to take place at some points at the 
vrain boundary as centers, and spreads forward 
radially. 

Hence even the nodular structure is formed 
from the decomposition of martensite, but not 


Hardened Hyper-Eutectoid Steel at 500 Diameters (J. R. 
| ilella). Dr. Honda holds that the dark etching constituent 
uld be called troostite, believing that its origin and 
ential structure are the same as that formed from the 
icular martensite grain centers after moderate tempering 
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directly from austenite in the strict sense of the 
word, the life as martensite being very short. 

That portion of the specimen now under 
discussion, which does not undergo the first step 
of the change above 500° C., is so far retarded 
that the same change begins at 300° C. or a lower 
temperature, the result being martensite. The 
reason why the change from austenite to marten- 
site cannot take place in the range of 500 to 300 
has already been explained by the present writer 
in Sctence Reports, 1922, p. 105. 

Thus there is no essential difference between 
(a) nodular troostite and (b) ordinary troostite 
obtained by tempering martensite; both of them 
are the decomposition products of martensite, the 
only difference being the life-period of marten- 
site. That is to say, in the case of the nodular 
structure the life-period of martensite is very 
short (owing to the high temperature of expo- 
sure) and in the other case it is comparatively 
long. Hence it is better to call these two troost- 
ites by the same name, as has been usual. 

From the physical point of view, pearlite, 
sorbite, and troostite are all the same phase 
consisting of a mixture of ferrite and cementite 

the difference being the degree of fineness of 
cementite particles and or lamellae. Hence it 
would theoretically be more correct to use a sin- 
gle generic term to denote them, such as coarse 
pearlite, medium pearlite, and fine pearlite, as 
has been done by E. C. Bain. However, the ge- 
neric term “pearlite” is not suitable, because this 
means a pearl-like structure and is derived from 
the appearance or tint of very fine lamellar struc- 
ture, as seen in white light under a microscope. 
So the original terms sorbite and troostite are 
preferably to be preserved. 

The spheroidization of lamellar cementite by 
a prolonged heating is the effect of the surface 
tension of cementite. Surface tension tends to 
minimize the surface energy of a phase and 
therefore to round up the cementite grains. Thus 
lamellar cementite is less stable than spheroidal 
cementite, and hence lamellar cementite can 
never be formed from globules. 

Since troostite is a dispersed system, in 
which cementite is suspended in iron as very fine 
colloid-like particles, lamellar cementites never 
appear in tempered martensite. 

Considering these facts in detail, we cannot 
agree with the proposal made by Koseley and 
Poboril regarding nomenclature of the micro- 
structures. It is desirable that the original terms 
should be used to determine the degree of fine- 
ness of cementite particles. 
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Best structure for wire drawing is had by quenching high 


carbon steel in molten lead. It is commonly called sor- 
a bite, but is really fine pearlite, whereas true sorbite (a 


quenched and tempered structure) can hardly be drawn 


Difference Between Structures 


Shown By Cold Working 


“troostite” has been defined both (a) as a 
stage in the transformation of austenite, follow- 


a THE MICRO-CONSTITUENT Commonly termed 


ing martensite and preceding sorbite, and (b) as 
ae a constituent of hardened or hardened and tem- 
pered steels. Sauveur, in elaborating the first 
es definition, states “In order to produce troostite 
on cooling steel from above its critical range, it 
is necessary that the cooling through the range 
should be so regulated to allow it to form and 
at the same time prevent its further transforma- 
tion (into sorbite and pearlite).”. He further 
states “Troostite may also be produced by tem- 
pering (i.e., reheating below the critical range) 
austenitic and martensitic steels.” From this, the 
conclusion can readily be drawn that the trans- 
formation of austenite, which takes place on 
cooling from above the critical range, produces 
the same constituents at different stages as does 
the reheating of quenched austenite or marten- 
site during tempering; that martensite, troostite, 
m sorbite and pearlite are the transformation stages 
og in both cases and that each structure succeeds 
rat. the one previous in the order named as the aus- 
ae tenite — pearlite transformation proceeds. 
Lucas has shown in an article in Bell System 


By B. L. Mc varthy 
Metallurgist 
Wickwire Spencer Steel Co, 
Buffalo, N. Y. 
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Technical Journal, Vol. LX, p. 105, that the nod- 
ular structure termed troostite, often found as- 
sociated with martensite in quenched steels can, 
by the use of higher magnifications, be resolved 
into fine pearlite. He also offers evidence which 
indicates that the nodular structure is formed 
directly from austenite. Going further in an ar- 
ticle in Merat Progress in February, he has 
termed “troostite” the structure of fine pearlite 
observed in an air cooled, hot rolled rod, ‘» in 
diameter, and of slightly hypo-eutectoid compo- 
sition. Bain has shown in several recent papers 
that the fineness of pearlite increases as the tem- 
perature at which the Ar’ transformation takes 
place is lowered and that, at a point just abov 
the position of the Ar’ that will form an aciculat 
structure, extremely fine pearlite is produced 
Obviously this requires clarification to mos! 
metallurgists for, if the nodular structure found 
associated with martensite is fine pearlite and tf, 
as shown by Bain, fine pearlite is produced by 
rapid cooling to a certain sub-critical tempera- 
ture, the question as to the existence of “troost- 
ite” and “sorbite” as constituents of steel cooled 
at intermediate rates from above the critical 
range can rightfully be raised. 


The primary constituents, which result trom 
quenching or fast cooling, form under condiions 


that differ from those under which the tempers 
constituents are formed — the prime differen 
being the time of formation. The presence 0! 
fine pearlite in the nodular structure asso: 

with martensite, as shown in the view on |'s 
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dicates that stratification takes place im- 
tely when the transformation occurs at a 
’ rature slightly above that required to form 
n nsite. On the other hand, a study of the 
brocture termed troostite and produced by tem- 
« indicates that, in this case, the carbide 
pitation is not stratified to any great extent, 
but rather consists of fine particles, the size of 
which increases as the tempering temperature is 
raised, until at about 650° C. (1200° F.) the struc- 
ture will consist of globules of cementite in a 
matrix of ferrite. At no time does the tempering 
of martensite produce pearlite. 

A study of the structure from which high 
carbon wire is drawn may be employed as evi- 
dence of the dissimilarity existing between the 
so-called troostite of the quenched steel and the 
troostite of the hardened and tempered steel. 

rhe prime requisites of high carbon steel to 
be drawn into wire are (a) ductility to permit 
deformation and (b) uniformity of the constitu- 
ents to insure uniformity of strain distribution. 
Fine pearlite, because of the ductility afforded by 
the thin cementite plates and alternate ferrite 
plates, is the most suitable structure from which 
io draw high carbon steel wire. The patenting 
treatment develops this fine pearlite in steel to 
be drawn; this consists of a heating above 
the critical and a fairly rapid cooling, using 
either air or a lead bath as a coolant. The rate 


of cooling must be fast enough to produce fine 
pearlite yet slow enough to prevent the formation 
of any particles of martensite. 


Unsatisfactory Patented Structure 


It is not uncommon, however, in the patent- 
ing of high carbon steel wire of small section to 
find some martensite present. This is due, in the 
air patenting, to cooling from too high a temper- 
ature or, in the lead patenting, to too cool a lead 
bath. By lowering the temperature from which 
the air cooling begins or by raising the temper- 
ature of the lead the amount of martensite pres- 
ent can be reduced or eliminated from the struc- 
ture. Wire which is patented in a manner that 
will cause the Ar’ transformation to take place 
just above the point at which any martensite is 
formed, is in an ideal condition for wire draw- 
ing. This elimination of martensite from the 
structure and the development of fine pearlite by 
altering the temperature, as described above, is 
shown in the first group of micros. 

Properly patented wire, consisting of fine 
pearlite, will not exceed Rockwell C-35 in hard- 
ness (when a steel of slightly hypo-eutectoid com- 
position is used) and may be reduced 45° in 
cross sectional area in one draft, or as much as 
95°° when a number of drafts are employed. The 
figure on page 38 taken at 2000, shows the 


Replacement of Martensite by Ferrite and Fine Pearlite in Struc- 
ture of Patented Wire Rod by Altering the Cooling Rate. All at 100X 


Very fast gives large 
amount of martensite 


Fast cooling gives less 
martensite 


Sull slower cooling gives Fine pearlite structure 


nearly all fine pearlite suitable for wire drawing 


JGUST, 1935 
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type of structure which will permit this reduc- 
tion. The flexibility of the thin plates of cement- 
ite permits freedom of movement, resulting in an 
equal distribution of cold work and the develop- 
ment of high strength combined with ductility 
which constitutes wire quatity. 

In contrast to this structure, which has fre- 
quently been termed troostite, the “troostite” of 
quenched and tempered steel wire of slightly 
hypo-eutectoid composition shown in the last 
view will differ both in physical properties and 
in ability to deform in wire drawing. The hard- 
ness of such tempered wire will vary, depending 
on the tempering temperature, from Rockwell 
C-52 down to C-45. Because of the hardness of 
this material, the amount of pressure required to 
effect any appreciable deformation will be 
greater than the strength of the wire being pro- 
duced, and breakage will result. The ductility of 
the tempered steel rod may be increased by rais- 
ing the tempering temperature to a point which 
makes cold working possible; however, the re- 
sulting structure, consisting of globules of ce- 
mentite in a matrix of ferrite, although ductile, 
is not suitable for cold working because of the 
resistance of the globular cementite. This places 
the burden of deformation on the ferrite, produc- 
ing an uneven distribution of strain which results 


in a brittle product after cold drawing. 
Cold drawing of fine pearlite (patented rod) 


Structure of Fine Pearlite in Patented Rod for 
Drawing Wire of High Carbon Steel. Hard- 
ness Rockwell C-32. Magnification 2000X 
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may increase the tensile strength to 300. psi 


and the drawn wire will still be ductile ugh 

g 
to stand wrapping around its own dismeter 
Contrast this with the fact that any reduction 


which might possibly be made on the quenched 
and tempered material while in the troostitic 
condition, is too light to be considered in the con. 
mercial manufacture of steel wire. 

For years the desired structure in patenting 
has been commonly termed “sorbite” or “sorbhito- 
pearlite.” In the light of recent developments 
noted at the outset it would seem that this termi. 
nology should either be discarded or defined dif- 
ferently. A study of properly patented structures 
will show a preponderance of pearlite which can 
be resolved on high magnification (2000 %) and 


Structure of Tempered Martensite From 
Spring Wire, Quenched and Tempered 
After Drawing. Rockwell C-48. 2000X 


some which is unresolved, but in which tenden- 
cies toward stratification are noticeable. 

The difference in’ physical characteristics 
between the two structures commonly termed 
troostite, indicates a marked dissimilarity of the 
ferrite and cementite arrangements and therefore 
a need of a better terminology. The use of th 
terms coarse pearlite, medium pearlite, fine 
pearlite and martensite seems sufficient to dc 
the structures encountered in cooling steel at dil- 


ferent rates from above its critical range, ©* ») 
quenching steel in hot metal as in pater‘. 
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disp nguishing the so-called troostite formed during direct 


hing from that appearing in tempered martensite, but no 
ment exists as to preferred names for these constituents 


que 


ag 


| letters indicate that American metallurgists have been 


Letters and Comment on 


Metallographice Structures in Steel 


Howeite 


\ Name for Globular Cementite 


Roitia, Mo.— I am glad that my brief note 
in Merat Progress, March, 19534, asking as a 
teacher for photomicrographs representative of 
pearlite, sorbite, and troostite has brought the 
matter of nomenclature to the fore. Evidently 
steel metallographers have also been disturbed 
about the names of borderline constituents. 
Discussion has also brought out a_ term 
“globulite” for cementite globules in a ferrite 
matrix. I believe the terms “spheroidized ce- 
mentite” and “divorced pearlite” for this struc- 
ture are illogical. (To use them is like calling ice 
“frozen water,” or water “melted ice.”) True, 
these terms very clearly tell the past treatment of 
the alloy, but there is no advantage to using such 
long names. At the risk of complicating an al- 
ready complicated situation, I offer the follow- 
ing definition: 


Howeite: A structure resulting from a 
divorce anneal or spheroidizing treatment. A 
‘ypical structure shows globular cementite 
imbedded in a ferrite matrix. 


The term was coined in honor of Henry 
‘rion Howe, and has been used at the Missouri 
ool of Mines and Metallurgy for the past ten 
s. It falls in line with austenite, martensite, 
stite, sorbite, and pearlite. 
Y. CLAYTON 


GUST, 1935 


Simplified Nomenclature 


East Prrrssurcu, The coinage and 
ge use of technical terms is justified solely by 
the possibility they provide of transmitting con- 
cepts quickly and with certainty from one person 
to another. If the terms are indefinitely defined, 
the advantage gained in using them is lost and 
argument tends to become futile. The efforts of 
Messrs. Poboril and Koseley towards improving 
this situation are therefore highly commendable 
whether or not one concurs fully with their ter 
minology. 

There is considerable practical value in ge- 
neric terms to distinguish sharply between the 
structure of steel resulting from slow cooling 
(when only the Ar transformation occurs) 
and that resulting from quenching, when only the 
Ar” transformation occurs. In the former case 
no serious objection appears to calling the high 
carbon areas pearlite. Modifying adjectives such 
as fine, lamellar, and spheroidized may, of 
course, be used for more specific description. 
Steels containing this constituent may then be 
identified as pearlitic, irrespective of cooling rate 
and composition. 

The propriety of calling the hard product of 
quenching martensite has not been questioned, 
so fully hardened steels may be referred to with- 
out danger of misapprehension as martensitic. 
The use of the term sorbite to designate a product 
of tempering of martensite also has not been 
challenged. However, it would be well to main- 
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tain the distinction between spheroidized pearlite 
and coarse sorbite, though the microstructures be 
indistinguishable, because of the implication car- 
ried as to the type of treatment by which they 
were produced. 

Our major difficulties are undoubtedly with 
the mixed structures, that is, those resulting from 
cooling rates at which both the Ar’ and Ar” trans- 
formations occur. It is very important to use ex- 
plicit terms here because the presence of a small 
amount of a soft constituent in martensite can 
make a great change in its mechanical properties. 

The product of the Ar’ transformation is usu- 
ally called nodular or quenching troostite. From 
the work of Bain and Lucas, however, this con- 
stituent is simply a form of pearlite and should 
come under the same generic term. The writer 
has used the term fine pearlite to describe this 
constituent for several years and has been grati- 
fied with the simplicity it lends to presentations 
of the complex phenomena of heat treatment. 

Troostite is also used to designate an early 
stage in the tempering of martensite. Since the 
properties of this material differ radically from 
those of pearlite, the dual use of the term troost- 
ite is highly objectionable. Its proper function 
is to describe a product of tempering martensite. 
The definition, of course, needs to be made more 
explicit, as can be done by precise statement of 
the boundaries between martensite and troostite 
and between troostite and sorbite. There are 
rather abrupt changes in certain properties on 
tempering martensite which may serve to define 
these boundaries more sharply than can be done 
with the microscope alone. 

This viewpoint differs sharply from that of 
Poboril and Koseley only in usage of the term 
This difference is not in principle, but 
only in practicality. Apparently the prospects 
are excellent for an agreement among metallog- 


troostite. 


raphists on a simple and clearly defined termi- 
nology for the micro-constituents of steel. 
Howarp Scorr 


Different Structures Deserve 


Individual Names 


Pa. have long considered 

*~ it unfortunate that the word troostite has 

been used both for the characteristic constituent 

that appears with martensite in quenched steel 

and for the other structure obtained after tem- 
pering the martensite. 

In order to distinguish between the two, the 
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term “quenching troostite” was used fo: 
tvpe and “tempering troostite” for th, ond 
type, but we in SKF Industries some 


discontinued using “tempering  troosti! 


now use “tempered martensite” instead. w, 
have not felt any particular need for | ning 
the word sorbite but believe it may be usefy) . 
describing structures obtained in tempering may. 
tensite. 


We would suggest, therefore, that troostit, 
be used only for the characteristic dark etching 
structure found adjacent to martensite jy 
quenched steel and not resolved at 1000 magni. 
fication, and that sorbite be used for mpered 
martensite when the structure cannot be resolved 
at 1000 magnification. When cementite grains 
can be distinctly seen at 1000 magnification after 
tempering, the terms “fine granular pearlite” 
“coarse granular pearlite” may be used, accord. 
ing to the appearance of the structure. 

HAAKON Sryri 


Criticizing the Term 


*Spheroidized Pearlite” 


CotumBus, Ohio have read with inter- 
est the letter from Messrs. Poboril and 
Koselev on nomenclature of microstructures in 
carbon steels printed in the March issue of Mera 
Procress. I am in general agreement with the 
suggested terms and believe they are in line with 
recent work in this country. 

The name “spheroidized pearlite” suggested 
by them still leaves something to be desired, be- 
cause pearlite is definitely associated with the 
eutectoid composition, which is not necessarily 
present in the spheroidized structure produced 
by tempering a quenched specimen at high tem- 
peratures and usually for rather long periods of 
time. This microstructure does not necessarily 
have the eutectoid composition as a whole or in 
certain areas, and it has not been spheroidized 
from lamellar pearlite. 


Unfortunately, there does not seem to be 
a name in the metallurgical literature which ac- 
curately designates this microstructure. Golning 


a new name has serious objections, in t! 
hew name may not receive general acce| 
and at present we have a lot of names to r* 
ber — although apparently we are not go 
have much further use for “Hardenite, 
“Hevnite,” “eta, theta, and « 


or “Boydenite.” 


mondite, 
martensite,” 
Oscar E. Ha 
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Approximate Critical Temperatures for SAL. Stee/s 


by MLR. Morris, R.Sergeson and G.W. Gable ; Centre/ Alloy Division , Republic Stee/ Corp. 


nost instances found by examining microstructure of quenched Vin. discs of Fin. round, taken from 
race at 20°F. increments. Grain size of stee/ unknown. Rate of heating and cooling about same as in 
furnace -cooling for commercial annealing 


4 On Slow Heating | On Slow Cooling On Slow Heating | On Slow Cooling 
A 7ber Number 
Ac; ACo Acs Ars Afo Ar; Ac; ACp Acs Ars Aro Ar, 
Carbon Steels Nicke/-Chromium Stee/s 
0 | 1350 | 1405 | 1605 |1570 | 1400\ 1255 3115 | 1355 1400 1500 1470 | 1380 1240 
| 1355 | 1410 | 1585 1545 | 1395 | 1265 | 3120 | 1350 | 1400 1480 | 1455 |1380 1230 
5125 | 1350 | 1395 | 1465 | 1400 | 1380 | 1220 
20 | 1355 | 1410 | \ 1535 | 1395 | 1260 | 35130 | 1345 | 1380 | 1460 | 1360 1220 
V1020 35155 | 1340 1445 | 1300 1° 
15a: 157 ld 1255 5140 1555 1475 1295 1229 
| | 409 | 1255 | 1350 1430 | 1300 1240 
230 | 1350 | 1405 | 1495 | 1465 | 1405 1250} S/45 | 7559 1995 | 1295 
35 1345 1475 | 1455 1395 | 1275 | FSO | 1555 1380 1275 1215 
140 | 13540 1455 | 1415 1275 3215 | 1350\ 1410 | 1465 | 1415 | 1350 | 1240 
y1040 1340 1450 | 1340 1270 | 3220 1350 | 1415 | 1460 | 1405 | 1355 | 1240 
045 | 1340 1450 | 1405 1275 | 350 
| 1355 1420 | 1330 1270 | | 1355 1425 | 1280 
NEN 2 5245 1345 1400 \ 1270 1228 
50 | 1540 1425 | 1390 1275 | 
1400 1330 1270 5250 1340 1375 1255 OO 
55 40 1425 | 1390 1275 S312 | 1330 | 1370 \ 1436 1240 
555 1400 1330 1270 | 353525 | 1335 | 1365 | 1400 | 1230 160 
60 | 1340 1410 | 1370 1275 | F350" | 1320 | 1560 | 1380 | 1225 14 
AY 1340 1585 1345 1285 Re fo fe) 1310 1360 200 ai } 
138O 1330 1280 5340 1290 1380 | 7780 1100 
70 | 13545 1370 | 1340 1280 \ 3415 | 1330) 1370 | 1425 | 1340 | 1300 
75 | 1350 1565 | 1340 1280 | 3435 | 1290 1380 | 1200 150 
80 1360 | 1285 3450 | 1290 1360 | 1200 100 
85 Molybdenum Steels 
ox | coe 4130 | 1395 | 1435 | 1485 | 1405 | 1395 | 1280 
O99 360 | 1290 X4130 | 1395 | 1435 | 1480 | 1405 1250 
29 1555 | 1290 4135 | 1395 | 1440 | 1478 | 1380 | 1360 | 128 
free Cutting Steels 4140 | 1380 1460 | 1370 126 
12 | 1555 | 1410 | 1590 | 1545 | 1395 | 1265 | 4/99 | 1565 1595 | 13558 2680 
4340 | 1350 1425 875 723 
15 4345 | 1345 1415 | 878 é 
120 IF55 | 1405 | 1550 | 1570 | 1400 | 1255 4615 1335 | 1400 | 1485 \ 140 1320 | 1200 
W514 4620 | 1335 1470 | 139L 1175 
| 1345 | 1420 1520 | 1495 | 1370 1245 | 4640 | 1320 1430 | 1300 1125 
530 4650* | 13515 1410 | 1260 1125 
4815 | 1300 1440 \ 1310 
11349 | 4820 1300 1440 \ 1260 60 
Mangenese Steels Chromium Stee/s 
530 | 132 1480 | 1340 11601 5120 | 1410 | 1460 | 1540 147 | 420 | 129% 
555 | 1515 1460 | 1340 1165) 5140 | 1370 440 5 26 
40 | 13515 14355 | 1310 1160 | 5150 | 1330 1420 | 1280 
45 | 1515 1410 | 1300 1160 | 52100 \ 1340 1415 \ 1315 | 126 
1310 1400 \ 1255 1105 
1306 1405 | 1200 1095 | vanadium Stee/s 
B11 1420 | 1460 | 1550 | | 1380 | 13 
Nickel Steels 6120 | 1410 1460 1545 1440 \ 1380 \ 13 
5 | 1375 | 1475 | 1575 | 1450 | 1400 | 1215 | 6125 | 1400 | 1440 | 1490 | 1390 | 7360 | 129 
1345 | 1455 | 1525 | 1475 | 1380 1195 | 61350 | 1390 | 1440 | 1485 1370 \ 1340 | 126 
| 6/35 | 1390 1480 | 137 | 1280 
JOO | 15350 | 1440 | 15350 | 1260 | 1/00 
1285 | 1345 | 1420 | 1236 7160 920 6/40 1590 | 1455 | are | IP GE 
| 1275 | 1375 | 1400 | 1180 10501 6145 | 1390 | 1450 | 1376 | 129 
1275 1325 | 1180 | 7050 | 6750 | 13585 1450 | 157 
| 1280 360 | 1180 | 7060 | 6/95 | 1370 1425 \ 1360 1500 
q 209 7 172) INE 
= | | / Tungsten Stee/s 
pont pres 7260 | 1360 | | 1430 1320 | 
250 IZ FS 1420 1220 1740 825 
1240 | 1340 | 1175 | 1025 | 825 Silicon-Mangenese Stee/s 
| | 9255 | 1400 | | 1500 | 1380 | IZ, 
| | 9260 1400 | 1500 | 1380 | SIE 
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made more dependable with 


Send for our handy celluloid vest pocket size Hard- 4 Cc K 


FR E E ness Conversion Table.” Quickly gives approximate hy 
yé PI The fact that Nickel Alloys are almost universally 
relation between Brinell, Rockwell and Shore hardness values and sdered 
the aviation engine industry, may be considered 
corresponding strengths of Nickel Alloy Steels. Address Dept. E-3 hard 
' to their value in all machinery subjected to hare 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, \\. ’. 
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tion of heat resisting alloy tubes, in which gas burns 
usion combustion, results in radiating elements suit- 
able for the economical heating of steel, malleable, non- 
alloys. and enamel ware in controlled atmospheres 


Atmosphere Control 


In Radiant Tube Furnaces 


A Catechism 


QUESTION What is the theoretical com- 
e position of the atmosphere within a fuel 
fired furnace? 

ANSWER When a fuel, such as city gas, 
natural gas, propane, butane or fuel oil, is burnt 
with its full complement of air to perfect com- 
bustion, the products of this reaction are carbon 
dioxide (CO,), water vapor (H,O), and nitrogen 
(N.). 

Q. What is the actual composition of the 
atmosphere in practical operation of gas fired 
furnaces? 

A. In a correctly designed furnace with 
automatic proportioning equipment it is possible 
to control the atmosphere to secure perfect com- 
bustion; that is, there is no free oxygen (O,) nor 
unburnt fuel. 


Q. What is the usual atmosphere main- 
tained in a heat treating furnace, gas fired? 
A. It is usually preferred to maintain an 


atmosphere that is slightly reducing, that is, one 
containing no free oxygen but containing a slight 
amount of unburnt fuel. 

Q. What is the principal constituent of 


x 


this unburnt fuel in a reducing atmosphere ? 


By W. M. Hepburn 


and H. C. Weller 
Surface Combustion Corp. 
Toledo, Ohio 


A GUST, 1935 


A. — The gas carbon monoxide (CQO). It dif- 
fers from carbon dioxide (CQO,) in that it is capa- 
ble, at heat treating temperatures, of combining 
with more oxygen and it will do so if this oxygen 
comes as air infiltration, or is present as iron 
oxide or scale on the steel in the furnace. 

Q. How are furnace atmospheres usually 
designated? 

A. They are known as neutral, reducing, 
A neutral atmosphere contains no 
A reducing 


or oxidizing. 
unburnt fuel and no free oxygen. 
atmosphere contains some unburnt fuel and no 
free oxygen. An oxidizing atmosphere contains 
no unburnt fuel but some free oxygen. 


Q. What is the atmosphere in an elec- 
trically heated furnace? 
A. It is usually completely oxidizing; that 


is, it contains nothing but air, composed prin- 
cipally of free nitrogen (N.) and free oxygen 
(O.). 

Q. — Can any other gases be found in the 
atmosphere of an electric furnace? 

A. — This depends upon the work going 
through. If it be oily, this oil will consume the 
free oxygen of the air and if no air current ts 
allowed to flow through the furnace chamber it 
is even possible after several hours of operation 
to have an atmosphere which is highly reducing. 


Q. What is the composition of the atmos- 
phere in a muffle furnace? 
A. The same conditions apply in a muffle 


furnace as in an electric furnace, provided the 
muffle is made of heat resisting alloy and is im- 
pervious to the heating gases outside. 
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Q. What is a radiant tube furnace? Q. — What was the surface con: 


On 
A. One which is heated by radiation from steel heat treated in such furnaces? | 
incandescent tubes, the latter made of heat resist- A. — It was very slightly oxidized. 
ant alloys and fired internally by diffusion of Q. — Was there any decarburization jy) thes, 
flame combustion. For a more complete answer furnaces? 
see text at end of this catechism. A.-— Most classes of steel, either high o, 
Q. Can the temperature of a 


radiant tube furnace be controlled? 


A. The refinements of tem- 


perature control on existing types 
of furnaces are well known and the 


instruments for this purpose have 
been highly developed. Radiant 
i tube furnaces are just as amenable 


to control by the same methods and 
the same instruments with just as 


close a degree of refinement. 
Q. What is the composition 


of the atmosphere in a radiant tube 
furnace? 

A. The same conditions ap- 
: ply in a radiant tube furnace as in 
an electric furnace, provided the 


tubes are impervious to the heating 


gases within. 

Q. What is the effect on hot 
steel at operating temperatures of 
Re the various constituents of furnace 
atmospheres ? 

A. Oxygen (O,), carbon 
dioxide (CO.), and water vapor 
(H.O) are all oxidizing or scale 
forming. They also decarburize 


steel. Carbon monoxide (CQO) is re- 


e~ 


A Large “DX Gas” Production Unit, an Automatic Device for Partial Com! 
of Gas and lis Proper Dehydration. Chemical characteristics of the output | 
set so as to have the desired action with the hot metal in process, or to have 1 


3 ducing, that is, it will reduce iron 
Pee oxide to metallic iron. It is also 
aa carburizing, that is, it will add car- 


bon to steel. 

Q. — What is a controlled at- 
mosphere furnace? 

A. — As the name implies, such 


: a furnace is amenable to maintaining any desired low carbon, have been heat treated in such fur- 
| Ie or predetermined atmosphere necessary to pre- naces with perfectly satisfactory results. There 
%: pare the metal or protect it. may have been cases of slight surface decar- 
zee Q. Are such controlled atmosphere fur- burization, but generally speaking most of the 
. i, naces very new? steels so treated met the requirements of the job. 
i Ss A. — They have been in use for many years. Q. — What are the new commercial condi 

F The first furnaces of this type were gas fired fur- tions which necessitate an improvement 1p [ur 

cokes naces, properly designed, and equipped with nace equipment? 
. as automatic proportioning of air and gas for com- A. — Two things; first, the greater prev 
} bustion. The atmosphere was that of the burnt lence of alloy steels which are more suscc| ble 
b gases within the furnace chamber (which ex- to decarburization and second, the more in- 
i cluded intrusion of air) and the proportioning gent specifications for the finished artic! 
| equipment maintained this atmosphere with Q. Why can’t present direct fired ¢ 4 
| constant characteristics. naces meet these requirements? 
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Because if a fuel gas and air mixture 
prepared that would neither scale nor de- 


we 
-arh orize these alloy steels, the mixture would 
not cenerate sufficient heat to act as a heating 
medium. 

) What type of furnace must be used to 
mect these atmospheric requirements? 

\. A furnace whose atmosphere is com- 


pletely controllable must be heated indirectly (so 
that gases of combustion are not allowed to enter 
the heat treating chamber, and air is excluded) 
by flowing through the work chamber an atmos- 
phere specially prepared in separate equipment. 


Q. What class of furnaces is capable of 
meeting these requirements? 

A. Radiant tube furnaces, full muffle fur- 
naces and electric furnaces. 

Q. What conditions determine the choice 
of one or the other of these furnaces? 

A. Factors of engineering, design, cost of 
installation, and cost of operation. 

Q. What is the advantage of the radiant 


tube furnace? 

A. For heavy production furnaces it is 
easier to design and cheaper to build than the 
muffle furnace. Large muffles are difficult to 
build, maintain and operate. At present costs 
of fuel and electricity, the radiant tube furnace 
is usually the lowest in operating cost. 

Q. What is the source of the atmosphere 
that is introduced in controlled atmosphere fur- 
naces? 

A, Usually fuel gas is the base gas from 
which these atmospheres are prepared, whether 
for application to radiant tube, full muffle or 
electric furnaces. It is so treated as to provide 
the atmospheric constituents necessary for the 
refined heat treatment of steel, and is then known 
to the writers’ organization as “DX gas.” 

Q. Can this gas be made to meet all re- 
quirements of heat treatment of steel? 

A. ~~ Its composition may be varied and the 
apparatus in which it is prepared may be set to 
produce automatically and continuously an at- 
mosphere that will meet all requirements from 
deoxidizing to actual carburizing of steel. 

Q.--Is DX gas a safe 
gas to use? 

A.—-It is a very slow 
burning mixture of gases 
and practically non-explo- 
sive. It is not safe to inhale 
if concentrated, but there are 
no hygienic dangers 
tendant to its proper use. 
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Radiant Heating Elements 


Coils of pipe, internally fired, and immersed 
in oil or metal baths (in other words, “immersion 
coils”), as first applied some 15 years ago, were 
the logical forerunners of radiant heating ele- 
ments adaptable to industrial furnaces. How- 
ever, it was obvious that the mere removal of an 
immersion coil from its moderately hot liquid 
bath did not turn it into a successful radiant ele- 
ment. The logical unfolding of the necessary 
qualities required not only a highly improved 
alloy to replace refractory muffles at high tem- 


to an 


peratures and reduce costly breakdowns 
acceptable minimum, but also required “prepared 
atmosphere” gases to protect the work and, lastly, 
the discovery of delayed combustion to heat a 
long tube, end to end, without hot spots. 

In practically all fuel fired furnaces heat is 
transferred to the work by conduction from the 
furnace hearth, by convection from the gases 
contacting with the surface of the work and also 
to a great extent by radiation from the walls, 
roof and the gases surrounding the work to be 
heated. Owing to the fact that combustion gases 
react with the surface of the steel, modern im- 
provements have had to do with controlled at- 
mospheres and radiant heating. Radiant heating, 
in its simplest form, is the emission of heat waves 
from a hotter body, the radiant element, to the 
receiving body, the work in the furnace. The 
theoretical amount of heat transmitted is ex- 
pressed in the equation 


Q pcAT* 


in which Q is the value in B.t.u. per hr.; p is the 
emissivity factor, varying with the nature of the 
surface; constant ¢ 1.72310"; A is the area, 
and 7 the absolute flame temperature, degrees 
+ 460. 

Transmission of radiant heat from = incan- 
descent gases does not closely follow this fourth- 
power law with respect to temperature, because 
the radiation from gases depends upon their con- 
centration or the thickness of the stream of gas, 
and so the emissivity varies as the conditions 
of combustion fluctuate. Consequently the type 
of combustion ordinarily used in open heat 
treating furnaces would not lend itself to con- 
trolled radiation. If we were to use a premix or 
strictly luminous flame and depend upon its 
characteristics to transfer heat at a high rate by 
radiation, we would not only violate certain prin- 
ciples of combustion but the performance of 
such burners in actual practice would not meet 
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our standards of fuel economy or ease of opera- 
tion. If internally fired in tubular heating ele- 
ments, premix or nozzle mixing burners will 
cause excessively noisy vibrations due to the 
rapid rate of flame propagation. A. strictly 
luminous flame burner in the same situation will 
result in imperfect combination of the hydro- 
carbon particles with the induced air. In the 
latter case the hydrocarbons in the fuel gas are 
first oxidized to alcohols, then to aldehydes, and 
finally to carbon dioxide and water vapor. (This 
theory of hydroxylation accounts for the fact 
that the odor of formaldehyde is always notice- 
able when starting up a cold furnace.) 

A high rate of transfer of heat by radiation 
from a gas flame depends upon the liberation of 
enough carbon particles at incandescent tempera- 
tures. This can be accomplished by using highly 
preheated air or by admitting the gas and air in 
separate streams and at low velocity, so that the 
hydrocarbons are “cracked” near those surfaces 
between air and gas streams where combustion is 
actually occurring. This method of combustion, 
properly named “diffusion of flame combustion” 
was described by one of the present authors in 
ProGress for September, 1932. It occurs 
at controlled velocity and within purview of the 
expected electronic rearrangements accompany- 
ing combustion reactions. The gas burns at the 


interfaces of the gas and air streams; micro- 
scopic particles of carbon (on the order of 
0.000012 in. diameter) unite with oxygen and 
produce a highly radiant source of heat. Com- 


Phantom View of Cover for Box Annealing Steel Sheets. 
Three rows of radiant heating elements are attached to 
the cover, and heated uniformly end to end by diffusion 
combustion of gas. Close fitting interior hoods, covering 
piles of sheets are necessary only when an especially 
expensive protective gas is needed, as the cover is tight 


bustion occurs and will propagate at a © nstapy 
rate throughout an allocated length. Ol, jously. 
this type of combustion with its high rate of hea) 
emission and its application to radiant eating 
elements represents not only a contribution to 
the theory of radiant heat transfer but also a def. 
nite means for the plant operator to attain those 
qualities in fuel-fired heating operations which 
heretofore have been attributed to electricity. 


Heat Resistant Tubes 


Radiant tubes or elements for a given fur- 
nace operation are usually made of heat resisting 
alloys (high chromium-iron or chromium-nickel- 
iron) and operate at all times under negative 
pressure — which incidentally is a_ protection 
against any combustion gases escaping through a 
crack or a joint into the furnace. Negative pres- 
sure is established by means of an eductor at the 
discharge end, as described in an article by W. 
C. Owen on “Heat Treatment of Spring Leaves” 
in the March issue of this magazine. The gen- 
tle suction produced at the burner end permits 
the fuel gas to unite with the combustion air at 
very low velocity and the diffusion flame so pro- 
cured proceeds at uniform speed as the gases 
flow toward the discharge end where the com- 
pletely burned products of combustion may be 
further utilized for preheating or drying pur- 
poses or, if occasion demands, discharged into 
the atmosphere. Thus, without sacrificing any 
uniformity of heat liberation, radiant elements 

present an extraordinary means for apply- 

ing heat where controlled production is con- 
tingent upon uniform heat distribution and 
freedom from harmful furnace atmosphere. 

Heat treatment of steels at annealing 
and normalizing temperatures is influenced 
by a comparatively large number of factors 
of which temperature distribution, furnace 
atmosphere and period of exposure of the 
work treated are by far the most important, 

Scaling, decarburization and carburization o! 

steel are caused by the presence of several 

constituents in the furnace atmosphere and 
the precise chemical reaction depends on th 

‘atio of these constituents, resulting in scaling 

or carburization of the metal surface. Brief 

notes on ordinary conditions are co! ned 
in the catechism just ahead of this 

Should the metallurgical requiremen 

for a definite atmosphere to contro! 

structure and surface reactions, the 

“prepared atmosphere gases” is ind 
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Hardening Furnace for Automobile Leaf Springs of Alloy Steel, Described in Detail in March 
Issue. Closely adherent and thin mill scale is retained unchanged by prepared atmosphere in 
through furnace, heated by banks of U-tubes (radiant tubes) placed above and below conveyor 


Applications in Related Industries 


There are some other interesting possibilities 
besides those already proven in practice in the 
heat treatment of steel. Short-cycle malleable- 
izing has been satisfactorily accomplished in elec- 
tric furnaces under very accurate temperature 
control. Fundamentally, this process is con- 
cerned with improving the physical properties of 
cast iron by means of suitable heat reactions. 
There is no good reason why internally fired 
radiant elements could not be applied to this 
process where the desired change in the character 
of the carbon content is influenced by the input 
rate and the cooling rate of the comparatively 
large charge. The metal surface is decarburized 
by the ordinary furnace atmosphere depending 
upon the iron-carbon-oxygen equilibrium; exces- 
sive fuel consumption and the comparatively 
short life of annealing pots add further to the 
cost of this process. Internally fired radiant ele- 
ments afford minute control of furnace condi- 
lions during the graphitizing and cooling periods, 
and it is hoped, as time goes on, that elimination 
of the pots, reduction in cleaning of the castings, 
aod considerable shortening of the present cycle 
may be effected. 

Similar results have followed the successful 
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introduction of annealing covers for sheet and 
coil annealing, heated by radiant tubes. (A 
sketch of the latter is shown on page 41.) 
Proper temperature distribution and control 
of furnace atmosphere are also essential in heat 
treating non-ferrous metals. The recent improve- 
ments in quality and finish of copper, brass and 
nickel-silver, brought about by the use of inert 
or reducing atmospheres, may be further en- 
hanced by the direct application of radiant heat. 
No muffle is required to protect the work and 
the elements operate under minus pressure with 
no danger of gases escaping into the furnace (the 
construction of which may be simplified) thus 
assuring complete smoothness of operation, 
The effect of furnace gases upon vitreous 
enamel, on the bonding of ground coat and the 
physical condition of the gloss are chiefly attrib- 
uted to the source of the heat. Electrically heated 
furnaces are costly to operate and frequent shut- 
downs are caused by short circuits through con- 
tact with the ware. Gas fired or oil fired furnaces 
necessarily require a protective muffle for qual- 
ity work, as the presence of incompletely burned 
gases and water vapor is harmful. In order to 
demonstrate the advantages of radiant heat to 
vitreous enameling, the Research Committee of 
the American Gas (Continued on page 66) 
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Good Iron for a Good Mold 


This photograph of pouring 4 lathe 
high test, alloy cast iron, and its mat 
49 were taken at Sterling Foundry by 
Fortey of the Warner & Swasey orga 
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heds must be machinable but wear resistant, 
table in dimensions — no warping or twisting 
of ways can be tolerated. This class of castings is 
soured in core molds with high test nickel alloy iron 


High Test Alloy Cast Iron 


For Machine Tools 


Iv is rHouGHurt that the following brief notes 
Eo on methods used by the Sterling Foundry 
Co. of Wellington, Ohio, to make castings for 
Warner and Swasey machine tools and astronom- 
ical telescopes will be of interest as an exhibit 
of modern metallurgical practice in the foundry. 
High strength and machinability, coupled with 
hardness and wear resistance, dimensional sta- 
bility, soundness and excellent surface — this 
combination of properties is not easy to achieve, 
yel has been done by close attention to small de- 
tails and a demand for first-class workmanship 
and materials which have characterized the op- 
erations directed by Mr. Swasey and the late Mr. 
Warner since 1881. A quantitative measure of 
the excellence of the product is had from the fact 
that during 1934 the foundry scrap amounted to 
about 24o'¢, and the rejections of shipped cast- 
ings were 0.52° — one in 200, 

Of the 32 important points which I recently 
listed as major items to be controlled in highest 
grade foundry work, the majority have to do with 
operations prior and subsequent to the melting 
and pouring of the iron. Pattern making and 
maintenance, molding and core making, cleaning 
room practice, labor relations and general found- 
ry economy rank large in importance, but are 


By F. J. Dost 
Superintendent 
Sterling Foundry Co. 
Wellington, Ohio 
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somewhat aside from the metallurgical interests 
of most readers of Mera ProGress. Anyone in- 
terested in the human aspects of a small manu- 
facturing plant, drawing intelligent, white Ameri- 
can labor from a farming region, would do well 
to study the Sterling Foundry at first hand. Ex- 
cellent working conditions and careful appren- 
tice training have attracted and held a group of 
self-respecting workmen who take pride in own- 
ing their own homes and small farms. This re- 
quires more aggressiveness than the ordinary 
“pay-day” worker, and insures the innocent 
working man against want during business 
depressions. 

Over-emphasis of this phase of the opera- 
tions would not be easy; the human factor ts par- 
amount in a small foundry where production is 
too diverse for a high degree of mechanization 
and standardization. In this particular plant the 
personnel standards have been set by Samuel 
Hummel, the first manager, an able foundryman 
and executive who was also a born teacher of 
his craft. The happy result is that labor turn- 
over simply is no problem at all. 

Much has been written about the desirability 
of cooperation between designer and foundryman 
before the pattern is made. I can vouch for the 
many advantages of such a plan of action. A 
complicated casting like a lathe bed, with massive 
ways supported by a strong, rigid foundation and 
carrying a complicated gear box, cast integrally 
at one end, is a very difficult thing to make at 
best, and the combined experience and skill of 
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designer, pattern-maker and foundry superin- 
tendent are required to lay out a plan of work 
which will reach the desired end. Eventually all 
must be convinced that the proposed unit can be 
made economically and satisfactorily, and the 
foundryman then has good ideas of how it should 
be done and proceeds to instruct his molders in 
the necessary technique. 

Cleanliness is insisted upon in this shop — a 
relatively new note in foundry work. Molds and 
cores are swept clean as a ball-room floor before 
the flask is closed, and then kept clean. Even the 
cleaning room is a model, light and airy with 
washed windows, concrete floors and ample space 
around each job, ventilation so good that the 
painting department can put on the final touches 
in one side of the building, not even separated by 
a partition. Certainly no ambitious workman 
need feel degraded or his health impaired to 
work in such a place! 

Large castings, such as a lathe bed, are cast 
in what is really a core mold. One of the photo- 
graphs shows the pattern being lifted from a rela- 
tively small mold of this sort. 

After the pattern is drawn, the surface 
touched up and thoroughly cleaned, it is washed 
with blacking and a camel's hair brush and 
baked. Baking is done by a series of perforated 
pipes (adapted to the cavities) burning a low 
flame of natural gas. Early drying is done with 
no cover, but later the partly baked cope is low- 
ered over the drag with blocking between and 
both heated until the natural binder in the facing 
sand “sets” to a depth of about 3 in. At this time 
all surfaces of the sand have a density and hard- 
ness in keeping with the nature of the numerous 
cores which are then placed in position, to form 
the diaphragms and partitions in the finished 
castings. 

As in all good foundry practice, the greatest 
care has been expended in the design of the mold 
and cores, their proper support, reinforcement, 
venting and gating, to insure that metal can enter 
fully into all cavities with the minimum of scour, 
and at the correct temperature so it will solidify 
without the defect of sponginess if too hot, or gas 
cavities if too cool. Slag and dirt from the ladle 
and pouring basin are excluded by perforated 
sheets of “skimmer tin” covering the gate — the 
latter itself a hard-baked core to prevent scour. 
Gates are so shaped as to give the incoming hot 
metal a swirling motion, thus holding particles of 
lighter slag and dirt at the center and top of an 
eddy, and the clean metal enters the mold cavity 
through a slot at the bottom. 
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Quality of High Test Cast Ir.) 


Much publicity has been given to th igher 
strength cast irons, for great progress has recent), 
been made in this direction. For instance, the 
standard specification of the American Society 
for Testing Materials current in 1921 said. “When 
tension tests are specified, the tension test speci- 
men shall conform to the following minimum re. 
quirements: (a) Light castings, 18,000 psi. (5) 
medium castings, 21,000 psi., and (c) heavy cast- 
ings, 24,000 psi. tensile strength.” 

Contrast this with the revised specification 
for gray iron castings A48—32T, adopted three 
years ago, which lists classes according to tensile 
strength, ranging from Class No. 20 with 20,000 
psi. minimum tensile strength up to Class No. 60, 
with 60,000 psi. minimum tensile strength. War- 
ner and Swasey lathe beds are made of high test 
‘ast iron, Class 40 to 50. 

Gray iron, microscopically, is a steel struc- 
ture or matrix shot through by graphite flakes. 
Its strength is therefore affected by two principal 
considerations, first, the amount, size and distri- 
bution of the graphite flakes, and second, the 
strength of steel matrix. The latter, in turn, de- 
pends upon the amount of combined carbon and 
the alloying elements present. (Even in common 
gray iron there is plenty of silicon alloyed in the 
steely matrix.) In order to be free of hard spots 
which will interfere with machinability, the com- 
bined carbon must be distributed throughout the 
steel matrix as pearlite and not as larger parti- 
cles of the hard carbide. 

In ordinary castings this metallic matrix, 
which has of itself the tensile strength of rail 
steel (on the order of 100,000 psi.) is badly broken 
up by relatively large flakes of graphite, occupy- 
ing 5 to 10% of the total volume. To produce a 
higher strength cast iron the total carbon, and 
therefore the ameunt of graphite, must be re- 
duced, and this graphite must also exist in the 
form of a very large number of very fine flakes. 
In practice, total carbon is lowered by replacing 
a large proportion of high carbon pig iron in the 
cupola charge with steel (for lathe beds as much 
as 80°% of steel rail is on the charge). The fine 
granulation of the graphite flakes is had by melt- 
ing the charge very hot, since superheat produces 
the necessary number of crystallization nuclei. 

When 20 parts of a selected pig iron con’ 1In- 


ing about 3.5% carbon is melted with 80 parts of 
steel rails containing about 0.80°> carbo! the 
mixture must absorb some carbon from th. ot 
coke in order that the iron at the tap hole ay 
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in about 2.80°¢ carbon (and this carbon, by 
vay. must be on the charge, over and above 
t] necessary for combustion). On the other 
|. contact between molten metal and hot coke 
1c cupola must be short, or too much carbon 
wil be absorbed. The desired result can only 
be achieved by close control of the entire op- 
eration — careful proportioning of materials, 
charged in the proper order, melted quickly and 
tapped frequently, then held in large ladles under 
hot charcoal until properly cooled for pouring. 
Foxboro instruments are installed at the blower 
for controlling and recording the weight of air 
pul through the tuyeres, minute by minute, so 
that combustion will be at the proper rate. 

“Semi-steel practice,” in melting iron, for- 
merly used for lathe beds, required 50‘; or less 
stecl in the mixture, and the greatest care was 
taken to control silicon rather than the micro- 
structure of the iron. Silicon had to be low else 
the casting would have a porous structure, yet 
not so low that graphitization was prevented on 
light sections and corners. Faced with the neces- 
silty of maintaining machinability, the foundry- 
men would run the silicon up and risk an open 
grained casting. Present melting practice and 
the addition of shot nickel at the spout gives cast- 
ings of high hardness (up to 269 Brinell) and 
great wear resistance, yet ready machinability 
and freedom from abrasive carbide particles. A 
analysis is 


0.61% 
under 0.20% 


If an old-fashioned semi-steel were made to that 


hardness, the casting could be machined only 


with stellite tools and then only with the greatest 
difficulty. 

Each lathe bed has a test block attached to 
it, and serial number and date cast on. Its di- 
mensions and location in the core mold are such 
that its structure represents that of the critical 
section in the completed casting. Its fracture is 
studied at the time and the Brinell hardness 
measured, and it forms a permanent record and 
material for any desirable special chemical or 
microscopical examination. 

Nickel alloys with the iron in the pearlite, 
strengthening and toughening the steely matrix 
without inducing brittleness or difliculties in ma- 
chining. There is also evidence that it induces a 
fine distribution of the graphite flakes. It also 
improves the stiffness of the iron, since tests by 
the International Nickel Co. show that Young's 
modulus of gray iron is usually between 12,000,- 
000 and 15,000,000 psi., whereas high test 14‘, 
nickel iron has a modulus between 18,000,000 and 
24,000,000, this being much nearer steel at 50,000,- 
000, and thus will deflect or stretch a smaller 
amount for a given load than common gray cast 
iron. This is a most useful factor in maintaining 
the high accuracy built into a machine tool. 

All large machine tool castings are rough 
ground on surfaces that are not to be machined, 
given an undercoat of paint, smoothed with 
quick-drying filler, and painted according to 
specification. This is done for two reasons. First 
it is better to paint a casting before it is soaked 
with oil in the machine shop, and second, the 
whole foundry takes pride in the sleek condition 
of the castings on the shipping platform. Lastly, 
everyone who handles them, clear up to the eree- 
tion aisle, treats them with more respect. 

In conclusion, it is hoped that this brief ar- 
ticle may emphasize 
some features absolutely 
necessary for a balanced 
foundry operation, start- 
ing in with the pattern 
shop and ending with the 
cleaning room, but most- 
ly depending on an en- 
lightened management 
and an intelligent per- 
sonnel. 


Lifting Pattern of a Moderate 
Sized Lathe Bed From the Drag. 
Both cope and drag are washed 
mal and baked before cores are set 
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ix of them 


Six porrrarrs and brief biographies were 
JZ published in Merat ProGress last month of 
men who, by their vigorous leadership and un- 
selfish devotion to their profession, are largely 
responsible for the continued success of the 
American Society for Metals. This month salutes 
, second group of Chapter Chairmen. 


Bradley Stoughton 


Cuaprer boasted a chairman 
last season whose fame is preserved in “Who's 
Who” 

Bradley Stoughton was educated at Yale 
University’s Scientific School and Massachusetts 


and with good reason. 


Institute of Technology, where he was also an 
instructor. He has been assistant to the lamented 
Henry Marion Howe at Columbia 
metallurgist for Illinois Steel Co., chief of the 
Cost Statistics Division of American Steel and 


University, 


Wire Co., manager of the Bessemer Steel Depart- 
ment of Benjamin Atha and Co., acting head of 
the School of Mines’ Department of Metallurgy 
at Columbia University, and secretary of the 
American Institute of Mining and Metallurgical 
Engineers. Since 1923 he has been professor of 
metallurgy at Lehigh University. 

His impressive list of memberships includes 
the A.LM.E., American Iron and Steel Institute, 
british Iron & Steel Institute, American Electro- 
chemical Society (president in 1931), American 
Society for Testing Materials, and Society of 
Chemical Industry, whose Grasselli Medal he was 
awarded in 1929. 

He is a renowned chairman of A.S.M. tech- 
ical sessions and has written a number of pa- 
pers for conventions and chapter meetings. He 
has two books to his credit. 
work in which Professor 
Stoughton takes great pride is his part in Presi- 


One piece of 


dent Harding’s successful campaign to enforce 
the eight-hour day in the heavy industries. Now 
iimittedly of benefit to steel companies and 
vorkers alike, the eight-hour day at that time 
‘as vigorously opposed, and Mr. Stoughton’s 
preparation of the iron and steel section of the 
ook entitled “The Twelve-Hour Day in Indus- 
'y” represented a serious sacrifice on his part. 
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H. A. Deane 


A CREDITABLE JOB, to say the least, is the build- 
ing up of a chapter from a low of 13 members to 
an all-time high of 190 members, but this is what 
was accomplished by the Tri-City Chapter (Mo- 
line, Davenport and Rock Island) under the lead- 
ership of Horace A. Deane in his year as chair- 
man. An educational program was inaugurated 
and carried to a highly successful conclusion. 
Weekly discussions and demonstrations were 
held in addition to the regular monthly meetings, 
at which attendance averaged 140. 

H. A. Deane has been employed by Deere & 
Co., Moline, ILL, since 1920, working first on the 
analysis of irons, steels, coals, oils, paints, and 
When thoroughly saturated 
with the fumes of the chemical laboratory, he 


sundry products. 


branched out into the metallurgy of the non- 
ferrous metals, cast iron, and steel. At present 
he is concentrating on cast iron production and 
research at various Deere & Co. plants. 

Mr. Deane has held all the offices in the Tri- 
City Chapter at one time or another and is now 
graduated to the Executive Committee. 


R. S. Rose 


Tue uisrory of Robert S. Rose began in Pitts- 
burgh, Pa., September, 1904, and excepting a so- 
journ in Bellevue (a suburb of Pittsburgh) this 
residence was found 1932. 

Of Dartmouth College, University of Pitts- 


satisfactory until 
burgh, and graduate school of Carnegie Institute 
of Technology, attended in the order named, Uni- 
versity of Pittsburgh was the favored alma mater 
and aroused an affection which still persists. 

Mr. Rose entered the business world with 
considerable timidity and anxiety in 1928 at the 
metallurgical laboratories of the Vanadium-Al- 
lovs Steel Co. Within the year he had joined 
the Pittsburgh Chapter of the Society. After 
four years grasping the complexities of mill and 
laboratory investigational routine at both the 
Vanadium and Colonial Steel Co. works, he was 
transferred to Springfield, Mass., in a sales-serv- 
ice capacity for the New England district. His 
membership, of course, was immediately trans- 
ferred to the Springfield Chapter. 

This was in 1932. That the Easterners real- 
ized the worth of this youngster is shown by the 
fact that they elected him 
1933-34 and chairman for the very successful 


vice-chairman 


1934-35 season. 
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N. L. Stotz 


PrrrssurGH is the birth-place of another one 
of the chairmen who, after varied adventures and 
travels, eventually returned there to help run 
that citw’s A.S.M. chapter. 

Norman I. Stotz divided his education be- 
tween Colorado School of Mines and Lehigh Uni- 
versity, receiving his metallurgical degree from 
the latter institution. 

His first work was in the metallurgical de- 
partment of Detroit Steel Products Co., where he 
finally became night superintendent. From here 
he was abducted into the Army, and spent a year 
and a half in France in charge of heat treatment 
at the Base Repair Shops of the Motor Transport 
Corps. When that matter was finished he set- 
tled down at Braeburn Alloy Steel Corp. as chief 
metallurgist and has remained there ever since. 
In 1926 he was made general superintendent. 

Mr. Stotz has been chairman of a great many 
of the Pittsburgh Chapter committees, has served 
continuously on the Board since 1928, and has 
just concluded his second year as chairman of 
the Chapter. He has promoted the idea of con- 
tinuity of administration, necessary for the 
proper functioning of so large a body as the Pitts- 
burgh group. He has also served on the Recom- 
mended Practice Sub-Committee on Tool Steels. 


S. A. Silbermann 


Poor Gor, bad bridge, and equestrian pur- 
suits (horseback riding to vou) are the hobbies 
of “Sill” Silbermann, born in Chicago in the last 
vear of the gay 9(’s. A brief period in his early 
years as an embryo Hoosier farmer was doubt- 
less the incentive for later residence in Indiana, 
the State of Politicians. 

After high school days in Chicago, where he 
worked to make both ends meet, came the ma- 
chine shop, drafting, and then metallurgy. Al- 
though his B.S. obtained from the University of 
Ilinois in 1923 was in chemical engineering, his 
greater love remained with electrical work. 

He therefore spent some time in the testing 
laboratories of Commonwealth Edison Co. In 
19214 he joined Claud S. Gordon Co. and is now 
sales and service engineer in the Indianapolis 
oflice, promoting the proper use of good pyro- 
metric equipment. 

He served four years on the Executive Com- 
mittee of the Indianapolis Chapter before being 
made vice-chairman and then chairman for 
1934-35. 
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‘ae H, Burke 


THreopore H. Burke joined the New York 
Chapter in 1920, transferred to the Buffalo | ap- 
ter in 1923, and has been a loyal member ever 
since. He has served on the Executive Comyit- 
tee, was secretary, vice-chairman, and finally 
chairman for the past season. Ted is also a 
member of the American Institute of Mining and 
Metallurgical Engineers, American Society for 
Testing Materials, and American Foundrymen’s 
Association a scientific society “joiner”, one 
might almost say. 

Isaac G. Johnson & Co. was his first em- 
ployer. He was with them for 15 years, working 
with steel, malleable and gun iron in the various 
departments of the foundry until he was made 
metallurgist. In 1923 when the Otis Elevator Co. 
established the Commercial Steel Castings Divi- 
sion at Buffalo, he was placed in charge of metal- 
lurgical control and research in the production 
of carbon and various alloy and stainless steel 
castings. He is also consultant on steel foundry 


practice. 


One of the Many Things to See at the October Conve 
and Metal Show — Approach to Soldiers Field; Mic! 
Avenue in the Background (Kaufmann -Fabry 
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Was you call a telephone 
number on the other side of town, 
you are making an important 
purchase. You say in effeet — 
“Give me the use of some miles 
of wire in a cable under the street, 
a section of switchboard and all 
the other equipment needed in 
the central office. I shall need one 
kind of current to carry my voice 
and another to ring the bells that 
signal the other party. I may need 
the services of an operator or two. 


I want all your equipment to be 
in perfect working order so that 


my call is clear and goes through 
without interruption. I would like 
this all arranged to connect me 
with my party instantly — and at 
a cost of a nickel or so.” 
Telephone people are asked to 
do this millions of times a day 
and find nothing unusual in the 


request. But to do it at the price 
you pay for telephone service 
— in fact, to do it at all — has 
taken the most skilful and unre- 
mitting research, engineering and 
organization. 

Telephone service in the United 
States is the most efficient, de- 
pendable and economical in the 


world. 


tel j 
olthough this country world are in the United S 
yatem has brough: world’s population. The Belt 


ephone within reach of all. ; 


ELL TELEPHONE SYSTEM 
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KANTHAL 


The New Metallic Electrical 
Resistance Alloy 


Al. ALLOY For temperatures up to 


2460° F. the one metallic 
. ° 
2460° F. alloy more economical 
than non-metallic re- 


sistors. 


A ° A L L QO Y For temperatures up to 
2370° F. where the cost 
2370° F. 


of non-metallic resistors 
is prohibitive and the life 
a of Nickel Chrome Alloys 
is too short. 


D A y For temperatures up to 


2100° F. superseding 
2100° F. Nickel Chrome Alloys 
for longer life— greater 


econony . 


Electric specific resistance about 35 to 40% higher 


and specific gravity about 15% lower than Nickel 


Chrome Alloys. 


KANTHAL 


is suitable for: 


Electrical Furnaces 


Electrical Domestic 
Appliances 

(Especially cookers, mainly where 
quick boiling is required.) 

This material to be stocked in the U.S. A. 
FOR FURTHER INFORMATION 
COMMUNICATE WITH 
Mr. Alfred Rapp, Special Engineer from 
thtiebolaget Kanthal, Hallstahammar, Sweden 


in care of 


¢.0. JELLIFF 
Mig. Co. 


SOU THPORT CONNECTICUT 


Reading for Augusi 


Steel Manufacture 


History of Lukens Steel Co., Insert in Iron Age. 
July 4. 

Design and Construction of Hot Blast Stoves, Aj. 
bert Mohr, Iron Age, July 4, p. 12. 

Automatic Control of Open Hearths, J. K. Mawka. 
Blast Furnace and Steel Plant, July, p. 475 . . . . Heat 
Loss Through Furnace Walls, C. E. Weinland, Trans. 
actions, A.S.M., June, p. 431 Improving Open- 
Hearth Design (A Series), W. C. Buell, Steel, June and 
July issues New Type of Suspended Tile fo; 
Furnace Roofs, Steel, July 22, p. 44 . . . . New Tem- 
perature and Pressure Controls, Product Engineering, 
July, p. 250, 262. 

Notes on Ingot Molds, T. Swinden, Paper for Ip- 
stitute of British Foundrymen . « Copper Stools 
for Ingot Molds, C. E. Williams, Metals and Alloys, 
July, p. 169. 

Descaling of Hot Steel During Rolling, Steel, June 
24, p. 43 . . . . Steckel Mill for Hot Strip, Iron Age. 
Defects in Strip From Continu- 
ous Mills, T. N. Keelan, Blast Furnace and Steel Plant. 
July, p. 461 Chilled Rolls From Air Furnace 
Iron, Pat Dwyer, Foundry, July, p. 18. 


Fabrication Processes 


Cold Pressing and Drawing, a Discussion, Journal 
British Institution of Automobile Engineers, July, p. 2! 
. . « « Effect of Cold Work on Elastic Properties of 
Thick Plate, C. H. Gibbons, Paper for A.S.T.M., Jun: 
meeting . . . . Tube Bending on Production Basis, 
C. O. Herb, Machinery, July, p. 649 . . . . Manufacture 
and Testing of Steel Forgings, W. H. Hatfield, Trans- 
actions of the Institute of Marine Engineers, June, p. 
137. 

Production of Powdered Metal of Low Melting 
Point, by R. W. Rees, Journal of Institute of Metals. 
June, p. 335. 

Aging of High Carbon Steel, G. A. Ellinger, Trans- 
actions, A.S.M., June, p. 495 Tempering High 
Speed Steels in Gas Oven, C. Foster Clark, Industrial 
Gas, July, p. 15 Hardening Tool Steels in Con 
trolled Atmospheres, S. K. Oliver, Steel, June 24, p. 30 
a The Modern Heat Treatment of Steel Springs. 
Iron & Steel of Canada, May-June, p. 37. 


Steels and Properties 


Effect of Molybdenum in Corrosion Resisting 
Steels, C. M. Loeb, Steel, June 24, p. 35 . . . . Impa 
of 18-8 After Service, H. C. Cross, Paper for A.S.T.M. 
June meeting. 

Machine Parts from Special Cold Drawn Sections 
Machinery, July, p. 682. 

Rail Fissures Correlated to Composition, ba! 
shaw Cook, Transactions, A.S.M., June, p. 545. 

“High Hat” Steels, S. A. Knisely, Heat Treating 9% 
Forging, June, p. 280. . Saving Weight With th 
New Low Alloy Steels, J. C. Whetzel, (Pape 
American Iron and Steel Institute, May meeting), ! 
Furnace and Steel Plant, July, p. 464. 

Physical Properties of Case Hardened Steels 
W. McMullan, Transactions, A.S.M., June, p. 319. 

High Chromium Tool Steel, W. H. Wills, Tra: 
tions, A.S.M., June, p. 469. 

Improved Electrical Sheet, N. P. Goss, Tra 
tions, A.S.M., June, p. 511 Magnetic Prope 
of Iron, T. D. Yensen, Transactions, A.S.M., Jun: 
556... . Magnetic Properties of Oxwelds With A 
Steels, W. F. Hess, Welding Journal, June, p. 18. 

(Continued on page 60) 
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Torsion — like the relentless twisting of a heavily 
loaded crankshaft. Impact — like the incessant bat- 
tering of a trip-hammer or pile-driver. Heat — like 
the torturing temperatures encountered by boiler tubes 
and cylinder walls. ... There are many types of steel, 
both alloyed and unalloyed, which will meet certain 
specified physical requisites for normal resistances to 
these enemies of metallurgy. But what happens to 
such steels when they are subjected to overloads? 
(Often they fail — and usually their failure is dismissed 
with the conclusion that “nothing can be done about 
it.” But something can be done to enable both iron 
and steel to withstand heavier abuses. And the most 


CLIMAX 
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outstanding element in the recent development of this 
much-desired added quality is “Moly” the alloy 
which not only improves ordinary iron and steel 
but which actually enables other alloys to do their 


particular work better. 

Interesting details about the properties of Moly 
irons and steels will be found in these two books which 
may be had for the asking: “Molybdenum in 1934" 
and “Molybdenum in Cast Iron — 1934 Supplement” 
... While current progress and specific examples of 
Moly applications may be followed through our 
per riodical news-sheet “The Moly Matrix.” A post-card 
request puts you on our mailing list. And — if you've 
some particular alloy problem you'd like to have us 
help you solve, our metallurgists and Detroit experi- 
mental laboratory are at your command. Climax Molyb- 
denum Company, 500 Fifth Avenue, New York. (In 
Canada: Railway & Power Engineering Corp., Ltd.) 


o-lyb-den-um 
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THE EVENT THE 


in the Metal Industry! 


ACH YEAR the leaders in the metal industry assemble in the Fall to 
attend the National Metal Congress and Exposition. 


This year they will be in Chicago on September 30 when this great Show 
opens in the New International Amphitheatre. 


In the course of more than forty technical and practical sessions they will 
bring news of the latest developments in the world of metals. More than 
seventy-five papers dealing with all the phases of production, selection, 
fabrication, inspection, treatment, welding and application of all kinds of 


metals, will be presented. 


Be on hand to hear and join in the discussion of these valuable papers. It is your 
opportunity of the year to exchange ideas with the leaders in your industry. 


In addition to these technical and practical sessions, there will be hundreds of 
exhibits, many of them in actual operation, where you will have opportunity 
to see and study the newest advances in materials, methods and equipment. 


Without question, this is the most important annual event in the world of 
metals. You will get hundreds of new ideas at the technical sessions, at 
the exhibits, and from association with the leaders of your industry. Head- 
quarters will be at The Palmer House. Plan now to attend 


THE NATIONAL METAL CONGRESS 
AND EXPOSITION 
in the New International Amphitheatre, Chicago 
SEPTEMBER 50, OCTOBER 1, 2, 5 AND 4 
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AMERICAN SOCIET) 
FOR METALS 


AMERICAN WELDING 
SOCIETY 


INSTITUTE OF 
METALS DIVISION, 
A. L. M. E. 

IRON AND STEEL 
DIVISION, 

A. M. 


THE WIKRE 
ASSOCIATION 


Headquarters for the 
National Metal Congress 
& Exposition will be a! 
The Palmer House. Make 
your reservations w 
by writing direct to 


THE PALMER 
CHICAGO 
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N some kinds of foundry work, 

extreme accuracy and close toler- 
ances are not vital. ... But alloy cast- 
ings are different—require a totally 
different attitude and technique— 
precise control of every operation, 
physical and metallurgical. 

Management and men work at a 
different tempo at Michiana—a re- 
sult of 17 years of specialization 


making only heat- and corrosion-re- 


Hearth Plate for a Rotary Furnace cast in sections with expan 
sion slots. Casting weighs approximately 1300 Ibs. exclusive 
of the holding attachments for holding the parts to be heat 
treated. Attachments shown are for holding plowshares. 


Alloy Technique Different 


sistant alloys that are usually “‘spe- 
cial’ in some sense: extreme accu- 
racy, close tolerances, shape, size, etc. 
Such precision standards have de- 
veloped an organization capable of 
accomplishments judged impracti- 
cal if not impossible elsewhere. 
You get the benefit of this service 
in every pound of Michiana Cast- 
ings you buy. Let us make sugges- 


tions On your present requirements. 


MICHIANA PRODUCTS CORPORATION, Michigan City, Ind. 


L. H. WHITESIDE E. E. WHITESIDE 
80 East Jackson Blvd. 1219 St. Clair Ave 
Chicago, IIL. Cleveland, Ohio 
W. B. COOLEY Cc. M. CONNER 
433 North Capitol Ave 1701 Arch St. 
Indianapolis, Ind. Philadelphia, Pa 


PAUL MENOUGH Tl. G. FRAZE 
Chamber of Commerce Bldg 
Pittsburgh, Pa. 

4. A. CASH JOHN R. GEARHART 
2842 West Grand Bivd 600 Fallon St 

Detroit, Mich. 


Petroleum Bldg. 
Houston, I exas 


Oakland, Calif 
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Ba RATIONE A CONN, 


DELINEATIO SINGULARI 


NOUA ORBIS TERRARUM 


MERIDIANO TABB.@ >< RUDOLPHI ASTRONOM| 
England, Scotland, Wales, France, Spain, Holland, 
Luxembourg, Germany, Italy, Sweden, Finland, 
Poland, Czechoslovakia, U.S.S.R., India, 
Australia, China and Japan 
come orders for the INTERNATIONAL AUTHORITY 
2nd Edition 
Written by 82 Metallurgists and Engineers for Users of 
! Heat Resisting and Corrosion Resisting Alloys 
Organized and Edited by Ernest E. Thum 
813 pages Price $5.00 292 Illustrations 
3 Published by 


THE AMERICAN SOCIETY FOR METALS 
7016 Euclid Ave., Cleveland, Ohio, U.S.A. 
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INS 


Many distinctive advantages in Hough- 
ton’s Perlitonizing process for carburiz- 
ing small steel parts in a liquid salt bath: 
Rapid rate of penetration. 


Uniform depth of case and carbon 
content. 

A true carbide case—no nitriding 
Low consumption of material. 


Low fuel consumption 
heat quicker. 


comes up to 


Non-corrosive. 
onger pot lite—-no sludge 


These factors, and others, have been 
the cause of the world-wide acceptance 
of Houghton’s Perliton Liquid Carburizer 
by metal-working plants. 

A new booklet describing the Perliton 
process is now available; “ rite for your 


copy to 240 W. Somerset St., Phila. Pa 


E. F. HOUGHTON & CO. 
Chicago - PHILADELPHIA - Detroit 


Oils and Leathers for the ladustries Since 1865 


veal 
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VALS 


PANGBORN 


BLAST CLEANING 


Established ‘ More Foundries have 
in 1904 ; had more years of 
; satisfactory service from 

Pangborn Blast Cleaning and 

Dust Collecting Equipment than 

from any other. Write for free 

Bulletins on Equipment and Supplies. 


PANGBORN CORPORATION 
HAGERSTOWN - MARYLAND 
ge UNI-DIE is an oil 
i hardening, non-de- 
— forming die steel, 
at with a wide hard- 


ening range. 


COLUMBIA TOOL STEEL COMPANY 


MAIN OFFICE ANO WORKS 


500 E 147m STREET. CHICAGO HEIGHTS. ILLINOIS 


Reading for Augus; 


Welding 


Eugene Bournonville, Welding Pioneer. | 
Weirs, The Welding Engineer, June, p. 22. 

tail Welding on American Railways, Engineer 
June 7, p. 585 . . . . Uses of the Oxy-Acetylene Torch 
on Track Work, Charles Wise, Welding Engineer, May. 
p. 19. 

Welding of Boiler Drums, C. H. Davy, Welding 
Industry, May, p. 122 ; Fabrication of Road Mo- 
chinery by Electric Are Welding, D. D. Trimble, Steel. 
June 10, p. 36... . . Weld It, Says Ford, D. G. Baird 
Mill & Factory, May, p. 63. 

Tools Saved by Using New Electrode, A. F. Davis. 
Industry & Welding, May, p. 6 . . . . Repairing Zine. 
Base Die Castings by Oxy-Acetylene Welding, C. W. 
Mace, Metal Industry (British), May 17, p. 528. 

Recent Notable Applications of Welding, A, F. 
Davis, Weiding Journal, June, p. 2 . . . . Recent Elee- 
tric Weldings in Japan, M. Okada, Welding Journal. 
June, p. 10. . . . Welding of Multiple Story Frames. 
A. R. Moon, The Structural Engineer (British), June 
p. 267... . Flash Welding of Pontiac Fenders, [ron 
Age, July 11, p. 18. 

Ship Welding and Classification Requirements 
J. L. Adam, The Welder, May, p. 553. 

Non Destructive Tests on Welds, G. A. Hankins, 
The Welder, May, p. 571 . . . . Fatigue Strength of 
Butt Welds, B. P. Haigh, The Welder, May, p. 548. 


rn T, 


Cast Iron 


Alloy Cast Irons, J. E. Hurst, Metallurgia, May, p. 
1b... . Electric Furnace Cast Iron, A. E. Rhoads 
Iron & Steel of Canada, March-April, p. 19 , 
Founding High Test Cast Iron, W. R. Jennings, Found- 
ry, June, p. 28. 

Pipe Cast Centrifugally Without Chill, J. B. Nealey 
Iron Age, May 23, p. 15 . . . . Alloy Cast Irons Wir 
Place in Mining, B. H. Strom, Engineering & Mining 
Journal, June, p. 290. 

Gray Cast Iron, (A Series), J. W. Bolton, Foundry 
July, p. 21... . . Cast Iron Test Bars, (a) R. S. Mac 
Pherran and (b) G. P. Phillips, Transactions, America! 
Foundrymen’s Asso., June, p. 477 and 485 . . . . Fa 
tigue Tests of High Strength Irons, H. F. Moore, Tran 
sactions, American Foundrymen’s Asso., June, p. 520 

. Chilling Properties of Cast Lron, W. H. Spence 
Trans., American Foundrymen’s Asso., June, p. 9508. 

Alloy Iron Castings Weighing Several Tons, ©. ‘ 
Miller, Metals and Alloys, July, p. 185 . . . . Expan 
sion of Nickel Cast Iron, T. J. Wood, Transactions 
A.S.M., June, p. 455. 

Heat Treatment of Cast Iron, J. E. Hurst, Paper tor 
Institute of British Foundrymen. 

Malleable Castings, Albert Sauveur, Transactions 
A.S.M., June, p. 409. 


Surface Protection 


Specifications for Electrodeposited Coating 
Nickel and Chromium, American Machinist, J 
p. 529 .. Tungsten vs. Chromium Plating 
Koehler, Metal Cleaning & Finishing, May 
Mechanism of Chromium Electrodeposition, | 
Kasper, Bureau of Standards, Journal of Res 
June, p. 693. . . . Status of the American | 
plating Art, Iron Age, June 20, p. 26. 

Corrosion Testing Methods, H. E. Searle, Pa} 
A.S.T.M., June meeting . . . . Atmospheric Ex 
Tests on Screens, G. W. Quick, Bureau of Sta! 
Journal of Research, June, p. 775. 

(Continued on page 62) 
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LOGICALLY... 


Any old timer or newcomer in the metallur- 


gical field expects the best from General Alloy s. 


\\ E°VE been the largest exhibitors in our line 
for fifteen consecutive years at the A.S.M. and 
A.S.S.T. Shows, where weve exhibited out- 


standing examples of foundry practice. 


Yor couldn't see those exhibits and doubt 
General Alloys’ leadership even if you didn't 
know that the largest alloy installations —the 


outstanding heat hour records—are Q-Alloys. 


\\ E’RE “cocky” about our stuff, for a reason. 


Even the “cheap” alloy buyers give us their 
tough jobs and the pinch-hitting, and we love 
“em, for every Q-Alloy “trial” is a new record 


established. 


Logically any alloy buyer should send his in- 
quiries to the oldest and largest exclusive man- 


ufacturer in this field — 


YOU? 


If not, we shall consider it a privilege to re- 


ceive yvour next one. 


GENERAL ALLOYS COMPANY 


. 
“AJoston 
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TAKE YOUR CHOICE 
OF TENSILE STRENGTHS 


Murex Mineral Coated Electrodes make it easy to obtain weld metal 


to fit almost any specified requirement ... nct only in tensile 
strength, but in other physical properties and in chemical analysis 
as well. 


The wide range of properties available is shown in the illustration 
above. The four all-weld metal Standard Tensile Test Specimens 
in the foreground, reading from left to right, tested as follows: 


1. MILD STEEL SPECIMEN 


Tensile Strength 64,500 p.s.i. Reduction in Area 65.9% 
Yield Point 53,500 p.s.i. Elongation in 2 in. 37% 
2. HIGH CARBON STEEL SPECIMEN 
Tensile Strength 73,000 p.s.i. Reduction in Area 63.5% 
Yield Point 59,000 p.s.i. Elongation in 2 in. 31% 
3. 242% NICKEL STEEL SPECIMEN 
Tensile Strength 86,000 p.s.i. Reduction in Area 64% 
Yield Point 72,000 p.s.i. Elongation in 2 in. 25.5% 
4. CROMANSIL STEEL SPECIMEN 
Tensile Strength 100.000 p.s.i. Reduction in Area 55.5% 
Yield Point 85.750 p.s.i. Elongation in 2 in. 22.5% 


The Murex line includes electrodes for high speed, down-hand 
welding of mild steel: for three position and horizontal fillet weld- 
ing: for welding manganese, stainless, carbon-molybdenum, Cor- 
Ten, Mayari, Cromansil, copper-bearing, high carbon, and nickel 
steels; and for building up and hard suriacing plain carbon steels. 
All are standard Murex Electrodes that can be furnished promptly 
from stock . . . and, all possess the well known Murex ability to 
provide highest quality weld metal at lowest cost. 


A newly published booklet gives complete data on the chemical 
analysis and physical properties of the metal deposited by each 
electrode in the Murex line. Write for Booklet 2 a. p. 


METAL & THERMIT CORPORATION 
120 Broadway New York, N. Y. 
Albany Chicago Pittsburgh S. San Francisco Toronto 


HEAVY MINERAL 
COATED ELECTRODES 
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Reading for August 


Non-Ferrous Metals 


Creep of Aluminum Alloys, R. R. Kennedy, Pape; 
for A.S.T.M., June meeting Hardness Testing oj 
Light Metals, R. L. Templin, Paper for A.S.T.M., Jyp, 
meeting. 

Metal Losses in Melting Brass and Other Copper 
Alloys, Maurice Cook, Journal of Institute of Metals 
June, p. 249 . Atmospheres for Annealing High 
Brass, L. Kroll, Metals and Alloys, July, p. 192. 

Correcting Porosity in Non-Ferrous Castings, W. 
M. Ball, Foundry, July, p. 32. 

Simple Die Casting Machines, C. O. Herb, Ma- 
chinery, July, p. 669. 

Properties of Some Special Bronzes, by D. Hanso; 
Journal of Institute of Metals, June, p. 265 .. . . Tests 
on Tin Bronzes at High Temperatures, J. W. Bolton 
Paper for A.S.T.M., June meeting Bronze Over 
lays Welded Automatically, C. H. Jennings, Iron Ay 
July 4, p. 22. 

Testing in the Field of Precious Alloys, T. A, 
Wright, Paper for A.S.T.M., June meeting. 

Alloy Melting at 116.4° F., S. J. French, Paper for 
Am. Chem. Society, April meeting Fusible Al 
lovs, Metals and Alloys, July, p. 173. 


Research and Theory 


Metallurgical Research, Harold Moore, Metal In 
dustry (British), May 17, p. 535 : The National 
Physical Laboratory in 1934, Engineer, May 17, p. 518. 

Atomic Arrangement in Metals, W. L. Bragg, (Ab 
stract of Institute of Metals Lecture), Metal Industry 
(British), May 17, p. 527. 

An X-Ray Study of Luders’ Lines and Strai 
Figures in Low Carbon Steel, R. F. Mehl, Metals & Al 
loys, June, p. 158 Diffusion of Non-Metallic Elk 
ments in Iron and Steel, Arthur Bramley, Transactions 
of the Faraday Society, May, p. 707. 

High Speed Fatigue Tests, W. D. Boone, Paper fo 
A.S.T.M., June meeting Fatigue of Metal Studied 
Under Various Conditions, Report of National Physical 
Laboratory, 1934, p. 142 Machine for Fatigue 
Tests on Small Wire, J. N. Kenyon, Paper for A.S.T.M. 
June meeting. 

Relations of Sonims and Primary Cementite, b. ©. 
Mahin, Transactions, A.S.M., June, p. 382. 

Interrelation of Age Hardening and Creep, © Hi 
M. Jenkins, Journal of Institute of Metals, June, p. 25o. 

Spectrographic Analysis, A Symposium, A.S.T.M. 
June meeting. 

Directional Properties in Soft Steel, Arthur Phil 
lips, Transactions, A.S.M., June, p. 398 . . . . Signilh 
cance of “Yield Strength,” A General Discussion a! 
A.S.T.M., June meeting. 


Utility of Metals 


Factors Affecting Life of Rear Axle Gears, J. 0. 
Almen, Paper for A.S.T.M., June meeting . . . . Mant 
facture of Quiet Transmission Gears, American Ma- 
chinist, July 3, p. 493 Silencing High Speed 
Gears, W. G. Meyers, Product Engineering, July, p. 2" 

Brake Drums and Linings, Chris Bockius, 5.A-E. 
Journal, July, p. 250 Automotive Valves and 
Valve Seats, Robert Jardine, S.A.E. Journal, July, P- 
268 . . . . Materials Entering Into Modern Autonc- 
biles, O. T. Kreusser, Paper for A.S.T.M., June mec'is 

Aircraft Materials and Testing, L. B. Tuckerman 
Marburg Lecture for A.S.T.M., June meeting. 

Unit Frames of Steel for Residences, Steel, 
p. 34; July 15, p. 51. 
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THERMALLOY 
“X-RAY INSPECTION” 
PREVENTS 

Premature Pot Failures 


_ Like This 


100% X-Ray Inspection for 
Retorts, Lead, Salt, Cyanide Pots 


The Electro Alloys Company 
Elyria, Ohio 


Quality Castings Since 1919” 


Thermalloy 


THE RESULT OF Xx ‘CORROSION ag 
ORDINARY INSPECTION N 


By 


for 


Soft 
Soldering 


Hard 
Soldering 


Brazing 


for 


City (as 


Natural Gas 


Mixed Gas 


Preheating 
for Welding Propane 
Annealing 


Tempering 
Gasoline 


Glass 


Bending Gas 


Production of machine parts in- , 
creased 30% to 40% or more 


by the use of ULTRA-CUT STEEL 


mance data, 
TORY’ ask for new 
B & L Folder 
No. 3-G 


COLD FINISHED BARS AND SHAFTING 
BLISS & LAUGHLIN, INC. 


Officas in alll Primcypal Gites BUFPALO,N.Y. 


Laboratory 


These Super Blowpipes, because of features inherent in 
the design, have an extremely wide range of operation 


WRITE FOR MORE INFORMATION 


FURNACE COMPANY 
ELIZABETH, NEW JERSEY 
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ECONOMIES IN HEVI-DUTY 


ELECTRIC CARBURIZING 
(1) More Rapid Penetration Rate. 

(2) More Production Per Dollar Invested. 
(3) Greater Flexibility of Use. 


(4) Less Floor Space Required. 


Hevi-Duty Vertical Furnace in the plant of 
a large machinery manufacturer. 


Send for Bulletin No. 931, it describes 
the Electric Vertical Retort Carburizer. 
TRADE MARK 


REG. U.S PAT. OFF 


HEAT TREATING FURNACES 
« ELECTRIC EXCLUSIVELY » 


HEVI-DUTY ELECTRIC CO. 
MILWAUKEE WISCONSIN 


Radiant Tubes 


(Cont. from p. 45) Association recently awarded 
a contract to the Surface Combustion Corp. for 
installing radiant tubes in a large batch type 
ecnameling furnace at the plant of the Detroit. 
Michigan Stove Co., Detroit. This equipment js 
how in operation, giving an improved perform. 
ance in speed of heating up from cold, through- 
put, fuel economy and general maintenance ex- 
pense. This assures a preferred position for 
radiant heating in this field. 


Protection of Enameled Ware 


The advantages of radiant heating elements 
to the firing of ceramic ware appear to be mani- 
fold, although the applications will at present 
contine themselves to continuous decorating and 
low temperature gloss kilns until such time as 
improvements in high temperature alloys justify 
an extension to the remaining processes requir- 
ing 2100° F. and above. Protection of the ware 
by saggers or muffles is unnecessary; an oxidizing 
atmosphere can readily be obtained in the kiln 
and temperature distribution controlled to assur 
the proper maturing and cooling of the war 
Another important detail known as “kiln drift” 
is accomplished by gradual recuperation of the 
waste heat, subsequently using it for preheating 
the incoming ware or the combustion air. It is 
apparent that heat, released at those points in 
the kiln where it is actually required for th 
natural process of maturing the individual picc: 
of ware, results in a much shorter kiln than th: 
one ordinarily installed. 

Although these few representative applica- 
tions of radiant elements to given heating proc 
esses do not signify the extent to which industry 
may utilize their qualities, it must be remem 
bered that processes vary and that the success!u! 
application of radiant heating depends upon « 
thorough knowledge of the principles involve 
in those processes. The horizontal heating ©! 
ment, deriving its advantage from diffusion 
flame combustion with the resultant intensity 
controlled radiant emission should, there! 
greatly contribute to the development of efficl: 
industrial heating equipment. 
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ZEISS 
METALLOGRAPH 


This new instrument is the last word in metallograph con- 
struction. Of simple, but stable design — Convenient of oper- 
ation. Unexcelled optics —Instantaneous change from bright 
field to dark field without disturbance of focus. The use of 
polarizing equipment, the possibility of low power survey pho- 
tography and of macro-photography of large objects, are out- 
standing features for which the metallographer has been 
longing. A copy of descriptive catalog Micro 500 will be supplied upon request 


Carl Zeiss, Inc., 485 Fifth Ave., NEW YORK 


Pointing to 


Sturtevant 
CENTRIFUGAL COMPRESSORS 


CONTAINERS 
Fasy to install...compact — eration. Provide constant 
-.-simple, sturdy, lasting pressure over complete 


construction, volume range. 


Ideal for furnace opera- Pressures: ' to 5 Ibs. 
tion. Volumes: 50 to 50,000, 


Xeeptionally quiet in op- Write for complete data. 


B.F. STURTEVANT CO., Hyde Park, Boston, Mass. | 


The Original Heat Resisting Alloy 


Pyrolusit magn. 


In Bright field 


Same in Darkfield 


ALL INDUSTRIES 


Driver-Harris engineering and 
research departments are al 
ways at your service in de 
veloping heat resisting castings 
suited to your particular pro 
duction. 


Driver-Harris Company 


Harrison, New Jersey 
Chicago—Detruit 
Morristown, N. J.—Cleweland 


Sales Offices in Principal Cities | 
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CONTROL 


Instrument board for No. 24 Furnace in Open Hearth Building No. 3, Lu- 
kens Steel Co., Coatesville, Pa., showing. at top, two Bristol’s Recording 
Pressure Gauges, and two Bristol’s Recording Thermometers, at bottom, 
three Bristol's Serip Chart Recording Pyrometers. Other Bristol’s are to be 
found in the boiler room and fuel engineer's office. 


HY IS IT that some companies live 

and prosper, while only too many 
others are here today and gone tomorrow? 
Why do some continue to progress and forge 
ahead, while others so frequently fall by the 
wayside? 


The answer is not hard to find. Experience 
teaches that it is keeping faith with the buyer 
by painstakingly guarding product quality. 
Only in this way is it possible to win and 
hold product acceptance and good-will so 
essential to business growth. 


This calls for precision processing. It requires 
regulation, within prescribed tolerances of 
quality, of every industrial operation. It de- 
mands the production control which Bristol’s 
Instruments make possible in the Lukens 
mill as in the plants of many other established 


leaders in the industry. 


Concerns who insist on product quality 
choose Bristol’s. 


THE BRISTOL COMPANY, WATERBURY, CONN. 


Branch Offices in principal cities. Canada: The Bristol Company 
of Canada, Ltd., Toronto, Ontario; England: Bristol's Instrument 
Co., London, S.E. 14. 

TRACT Mana 


BRISTOLS 


REG. Vv. S. PAT. OFF. 


PIONEERS IN PROCESS CONTROL SINCE 1889 


Steel Componen is 


(Cont. from page 27) means of a physiological 
galvanometer, a fine wire thermocouple welded 
to the sample, and a blast of compressed hydro- 
gen for quenching medium. When the cooling 
velocity exceeded a certain value for any spe- 
cific composition, only one thermal arrest was 
obtained, locating the austenite to martensite 
transition. The location ranged from 200 to 400° 
F., depending on the carbon content. The point 
was detectable in carbon steels with as low as 
0.014°% carbon! Therefore martensite is not 
formed by quenching until a low temperature is 
attained, and cannot be an intermediate stage in 
the austenite to pearlite conversion. 


Summary 


In summary, recent investigations show that 
austenite is an interstitial solid solution of car- 
bon in gamma iron (face-centered cubic) which, 
at temperatures of about 800 to 1300° F. (400 to 
700° C.) is converted to lamellar pearlite which 
may vary from fine to coarse depending on the 
temperature. Pro-eutectoid ferrite or cementite 
is also present, according to the composition of 
the steel. Martensite is an interstitial solid solu- 
tion of carbon in tetragonal or body-centered iron 
and is not an intermediate product in the above 
transformation. If the austenite is rapidly 
quenched, the immediate result is martensite. A 
complete transition to martensite in quenched 
carbon steels is very improbable; both retained 
austenite, ferrite and cementite may also be ex- 
pected to exist. When martensite is aged or tem- 
pered, iron carbide is precipitated leaving ferrite 
(body-centered cubic iron). The carbide particle 
size is related to the time-temperature factor and 
metallographically may be identified by the gran- 
ular structure; this latter may range from ex- 
tremely fine or even unresolvable to coarse, when 
it is known as sorbite. Therefore the constitu- 
ents of steel are austenite, martensite, lamellar 
pearlite, and sorbite, the latter two being aggre- 
gates of cementite and ferrite. Certainly the 
number of components is relatively small com 
pared to the multitude of supposedly individu 
phases which have been proposed and which a 
very difficult to distinguish or separate and 
tually represent stages in the continuous grow’ 
of ferrite and iron carbide. 
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